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ABSTRACT ' - 

Forty-nine physics experiments ar^- included in the 
teacher's edition of this |.aboratory m^rvual. Suggestions are giveti 
margins for preparing apparat,us, organizing students, and 
anticipating difficulties likely. to be encountered. Sample data, 
graphs, calculations, and sample ' answers to leading questions are 
also given for each experiment. It i? suggested that data obtained 
verified with microcomputers. Subjects of experiments include among 
others measuring with precision; .vector addition of forces; torques; 
resolution of a fdrce into components; forces caused by weights on an 
incline, timer calibration; recording motion with strobe photographs; 
straight-line motion at constant speed; constant acceleration using a 
wa^er clock; acceleration' of a spinning disc; acceleration using a 
linear air track ;*^pendulum; acceleration of free fall; mass/weight; 
Newton's second law; ^trajectories; Newton's third law; conservation 
of energy in S pendulum; energy changes on a tilted air track; sijnple 
harmohic motion of a linear air tract; oscillating mass hanging from 
a spring; meclvanical resonance; Boyle's law; calibrating a mercury 
thermometer; 'linear expansion of a solid; calorimetry; 'change of 
state; waves on a coiled spring and in a 'ripple tank; 
reflection/refraction; diffraction/interface; images and 
converging/diverging lenses; standing waves; electric fields and 
electron <:harge; Ohm's Law.; series/parallel circuits; magnetic 
iields; electron beam deflection;^ and half-*-life. { JN) ^ 
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TO THE TEACHER 

This teacher edition contains all of the information found in the student edition and also includes some 
additional teacher aids printed in the contrasting italic type that you are now reading Suggestions are , 
given in the marginsjfor preparing apparatus, organizing stydents,^ arid anticipating difficulties that are ' 
likely to be encountered. Alsa^, for each experiment, sample data,^graphs, calculations, and sample^ 
answers to leading/questions are given. These answers were obtained from the author's students over the 
past few years and some may lack rigor and conciseness. However, they are honest and can give you an 
idod of the bind df acceptable answers that,can be expected from a typical student. 

Most of the apparatus needed for these experiments is simple, inexpensive, and the kind that most 
schools atr^adf have. A fev^call for more Qxpens;Ve apparatus such as lasers, air tracks, microwave sets 
and nuclear dftectors which may not always be available in class quantit ies. For these , consider having 
I the students f/ork m small groups with each of the available set-ups and then rotating to another when 
imdhed. YoJ might also consider the possibility of doing some of the experiments as optional labs for the 
highly motivated students or as class projects in which a few students operate the apparatus v^hile the 
rest record the data' and perform the calculations individually. 

■ I " • _^ ■ - 

Most of the materials in this book kre updated versions of basic time tested physics experiments that have 
been p/oven by several generations of physics students. Others are rather new and novel and were 
adapted from ideas gleaned from physics journals arid from projects funded by the National Science 
Foundation^ 

, . . . 

Because there are so many excellent textbooks currently available for introductory physics courses, this _ 
laboratory manual is not tied to any particular textbtok and almost any of the popular texts will provide 
the necessary theory eend background. 

Notice several features in the student edition that make theVife'of the instructor a bit easier The pages 
have been perforated for easy removal and have been punched for reassembly m a standard loose leaf 
binder. The wid'e margins' provide space where students can record any supplementary suggestions for 
modifying the^rocedures or improving the techniques of experimentation. Perhaps the feature that 
provides the greatest help fqr instructors is the availability of specially written microcomputer programs" 
to accompany 'this book. They guide students in obtaining data during the laboratory sessioni 
methodically check each entry and calculation In the final report, and even assign a grade for this portion 
of the lab work. Suggestions for utilizing these computer programs are given on Ihe ipside back coverof 
this teacher mahual. 
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INTRODUCTION 



The laboratory experiments in- Physics are a great source of fun as well as a 
valuableMearning experience that will be remembered for the rest ot^your life. 
Current research tells us that skills leamed in the Physics lab are very different 
from those found in other courses. 

Although textbook theory will usually explain everything, this is not always the 
case. Often, blundersind faulty calculations in the laboratory lead to unexpected 
results that seem to contradict the established theory. However, there is'always 
s4hat chance that you have discovered something new: something that others have 
ne^e*Jigenjble to observe and ekplain before. True, it does not happen often, but 
be assured that it does happen often enough to make things really interesting. 

Unlike many other laboratory manuals, no special studying or preparation is 
needed before you start a new expe>iment. Each one starts with a very brief 
introduction and any necessary explanations or theory are given as needed, either 
by the laboratory instructions or by the correlated computer programs that 
accompany this book, y 

V 

In short, a great deal of h&lp is now available from computer programs as well as 
textbooks and your instructor. Thrf rest Is up to you. ^ ^ 



VERIFYING DATA WKH A MICROCOMPUTER 

After running the first trial, it will be hfelpful to make the Aecessary calculations 
with a hand calculator and then have an Apple. PET or TRS80 microcomputer 
verify the data before proceeding with your experiment. 

With the appropriate disc or cassette program loaded into the microcomputer; 
enter the data for the desired experiment in response to the prompts on the 
computer screen. The computer will let you know if data is reasonable and if 
the precisiorK^of your measurements is adequate for the particular experiment. 
Whether or^'not the data have the desired degree of precision, the computer will 
accept the data offei^ and then let you know if all of the computations are correct. 

At this point, return to your apparatus, make any necessary corrections m your 
procedures and techniques, and perform additional trials carefully recording the 
data for ea/h trial. Wide margins have been provided in this book for your notes, 
special ofc/servations, and additional data. 

ANALYZING DATA 

Space is given 'in each experiment for entering the results of calcul/rftions, 
analyzing the data, and recording conclusions. When you are required to draw i 
graph or a scale drawing for an experiment, carefully tear out a sheet of graph 
paper from the^back of this book and include the graph with the lab report that yw 
submit tq the ijlstructor. If the wori< is planned in advance andlf the graph paper is 
used sparingly, there should be»a sufficient quantity of graph paper for the entire 
course. Instructions for making graphs are given in Appendix 2. 



DOri^GvAN j EXPERIMENT 



J 

CHECKING . APPARATUS 

1. * 

When receive your apparatus a| the beginning of -the laboratory session, report 
any obvious damages, and missing or broken parts so you will not be held 
responsible. Resist the temptation to play with the apparatus before you^re told to 
start ^ecause part$ are easily broken artaL in many instances. 'the apparatus^has 
been caf^fully prealigned by your instructor and may be difficult for you to reset. 

You'might find that the apparatus that you are given is a bit different frorn some of 
those Illustrated in this book. Just asjhere are many types of rt&nd calculators 
which differ slightly- in appearance ancTin operation:, there are similar differences 
among types of physics apparatus made by different manufacturers. Hpwever, all 
are very much alike in principle and it does not take long to learn how to use ^ 
particular model. 



RECORDING DATA , ^ 

It IS always necessary to perform more than one trial for each experiment to ensure 
that the apparatus is performing correctl^arjd the observations are repeatable. 
However, you must be the judge of how many trials are necessary for a particular 
experiment to justify yowr conclusidf^s Sorrtetimes only two or three trials arq 
needed. At other times, the data may change so much frdm tnal to trial that even 
five trials may be insufficient to ^ove anything. If more room is needed for your 
data, use the wide margins or extra sheets X)f paper and rule space for any 
additional columns tbat you think are necessary. 

In recording data for these experiments, it will usually suffi'ce to measure to the 
nearest tenth of a gram, or the nearest tenth of a.volt. As a rule, the precision of the 
, onginal measurements determines precision of th^r conclusions. lt\viiMW 
unreasonable to conclude that the speed of sound in the lab is 346.59 meters per 
second if distances are only measured to the nearest meter and the time is only 
measured to the nearest second. To jqstify the .59 you would have to measure 
distance to the nearest hundredth of a meter and the time to the nearest hundredth 
of a second. c 

Above fill, be honest in recording data. When working with a group, there is 
nothing wrong in recording data obtained by your lab partners as well as your own 
data.' But be sure to indicate Ihis fact on your data sheets. ' 



EVALUATING LAB REPORTS 

Near the^end of the lab session when all c^f your data is recorded and the evaluation 
program for the experiment has been loaded into the microcomputer, enter your 
name and other data into the microcomputer in response to ite prompts. In return, 
after all of the entries have been mfede. the computer will give you a printout of 
your data together with a suggested grade for your laboratory work. The grade is 
based on the precision^of each data entry and the accuracy of your calculations. 
Submit your completed lab report and computer printout to your instructor, 
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EXPERIMENT* MEASURING WITH PRECISION 




NAME 



CLASS HOUR 



LAB PARTNERS 



DATE 



\ 



PURPOSE 



Wlien recording quantitative .measurements and arriving at conclu- 
' sions, it is important'tp indicate the precision that was achieved by the 
experimenter. The precision can vary greatly with the care that you 
take, your experimental techniques, and the apparatus that is used. In 
this experiment, apparatus with differing precision will be used and 
the data wiii be recor/ded using an appropriate number of significant 
figures. 

/ PROCEDURE 



Unmarked meter stick 



2 3 4 



5 6 



M^er stick divided into 10 equal parts 



f n i n i n f[!ii] m ii|ii ni iiii|i i i n ii i i| ii ii i iiii| ii|iiiiiiMi|iiiiiiiii|iiiiMiii[iiij[iii 

i 10 20 30 40 " 50 60 * 70 80 90 



Vieier stick divided mto 100 equal parts 

















10 


20 " 30 40 


50 


69 


70 


80 


. 90 1 



j Conv^tionjl meter stick, divided into j^OO equal parts 

1 Using an unnnarked meter stick, measure the length of a long 
lab table or other object that is more than 2 meters long. Record the 
length in whole meters and any remainder to the nearest tenth of a ^ 
meter (to the best of your estimation). For example, if you were to 
record the length as 4.9 meters-'the measurement would have two 
Significant figures and mean tfiat the 4 is certain and the .9 is 
estimated. Enter your measurement in column A of the data chart. 

2. Wasure thi^same length using a meter stick divided into 10 
equal parts. You can now determine the length of the table to-the 
nearest tenth of a meter without having to estimate. To obtain greater 
precision, however, measure to the nearest division and then estimate 
the nearest tenth oka division. This gives the length as a three-digit 
number with twodechnal places. The first two digits are certain an3 
the last was estiirrated Repeat this measurement several times and 
record your results in tifie column B of the data chart. 

3. Repeat the above procedure using a meter stick divided into 
100 qqual parts. Record the length of the table as a four-digit nunjfe^ 

1 ~i - ■ ■ I. 



This exercise is most successful 
when^tudents are organized to work 
in groups of three* or four It 
important that^ach student make his 
own measurements independently to 
mmirhize the tendency to be influ- 
enced by fHe results of his lab 
partners If there is disagreement in 
the data wheh all the measurements 
have been completed, the meml^rs . 
of the group might review the meas- 
ui^ment techniques before trials are 
repeated 



APPARATUS PREPARATION 

A set of four specially marked meter 
sticks IS necessary for each group If 
these are not available from scientific 
supply sources, ordinary meter sticks 
can be adapted by wrapping therft- 
with ' paper on which scale divisions 
ar^^refully marked' , 

A meter stick with o-^quare cross- 
section and with a different scale on 
each face is available from Sargent- 
Welch Scientific Co- 



SUGGESTIONS AND TECHNIQUES 



1. When high precision is required, it is usually not 
advisable to start measurements from the end of the meter stick. 
In the process of mass production, it is difficult for manufac- 
turers to cut the meter stick with J)recision. Af^o. older sticks 
may. have worn ends. A check of several meter sticks will show 
that some are longer than others. 

Z If you hold a meter stick dh edge whenrneasuring, so that 
the tx)ttoms of the markings actually touch the item being 
measured, you are more likely to g^t the same measurements in 
.successive trials. 



with three decimal places. The first three, digits are certain, and the' 
last is estimated. Enter the data in colymn C of the data chart. Note 
that it is more difficult now to obtain the same results during several 
independent trials, because greater precision has been achieved. 

4, USing a conventionul meter stick, with 1000 divisions, measure 
the length of the table several times. Estimate to the nearest tenth of a 
division to obtain measurements with five digits (four decimal 
places). Enter the data in column D of the data chart. 



DATA 



Length of table or other long object (in meters) 

i 



Steve 5. 



Stick used 


A 

Unmarked— 


B 

10 divisions 


e *■ 

100 divisions 


D 

1000 divisions 


Trial 1 


4 9 


487 


4-877 


48835 


\ ■ ■ 
2 ' 


• 




4882 


4.8878 


« 

^3 




488 


4800 


4.8872 


4 • 






4887. 


4.888Z 


5 


4:9 


m 


4.88b 


4.88^2 


6 






4:887. 


4.88T'1 



{AnswBTz are based on sample data.) RELATED QUESTIONS AND ACTIVITIES . 

1. It is expected that your data in column D will vary from trial tb 
trial t>ecause of the difficulty in getting the same four digits that are 
certain with only one uncertain digit each time. Using the data in 
* ' ' column D. record the length of the object usin^ only digits of which' 

you are certaih* 

O • ' 12 ^-^^fe; meters. 
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EXPERIMENT 1. MEASURING WITH PRECISION * 

NAME I ' * • 




2.* Now record the length of the object using the conventional 
Jhumber of significant figures. That is, record all of the certain digits 
and only the first of the estimated diftits. If Ihe firSt estimated dlgit^ 
differs from trial to trial, average them. (For exSample. if yogr 
measurements were 4.8835 and 4.8878 meters', you would record the 
certain digits, 4,88, and then average the uricertain 3 and uncertain 7 
s<^ your final measurement would l>e 4.885 meters,) 

— j Ami meters. 



3. Why is it better to take several independent trials of each 
measufement rather than rely.on one trial? Ik 
paving more than one trial minimizes human and random errors. 



4. Suggest an improved technique that y/ould aHow you to deter- 
mine the length of the table to one more certain digit. 

Use a magnifying glass to read ruler. Average at least 10 trials. 



5. Why it is more difficult to obtain repeatable results when 
greater precision is attempted? 

Small errors do not show up when measurements are crude. - ^ 



6. The purpose for using data determines how m'uch precision is 
needed(ih measuring. Give an example of a practical situation where a 
high precisionAmany certain digits) is needed. 
Great precisiofiis needed in space ship\navigation. 



V 



<i7. Give an example of a practical situation where measurements 
tiaving many significant f^gur^s are unnecessary and indicate 
. wasteful experimental techniques. *\ ^ - 

Measuring the thickness of a textbook to^thq n earest ten thousandin of. a \ 

rttfilimeter has no practical purpose. 
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EXPERIMENT • VECTOR ADDITIO#l OF RORCES* 




NAME. 



LAB PARTNERS 



CLASS ^^UR 



DATE 



/ 



PURPOSE 

When forces are added, both the magnitude and the c^^^^^^^^^^^ 

forces must be taken intO)^ccoun}. This experiment Is designed to ^ • , ^„ ^^e apjbaraftvs arid 

reinforce the concepts involved in vector addition by the graphic 
method. If necessary, refer to yourtextbook for additional Information, 



PROCEDURE 




fa/c/ng d^fa /s negligible compared 
wUh the time that' is required for 
analysis of results. Each student in a 
group mJght be required to construct 
a diagram with a different force- 
distance scale 

APPARATUS PREPARATION 

If pegboards are used, pencils or 
standard wood golf tees can be 
ins^ted in the holes to mount the top 
of each spring scale. For each group 
of students: 

y 1 commercial force board or 1 
ppboard (about 2 ft. x 2 ft.) 
3 spring scales (preferably same 
-manufacturer and same range) 
1 ring or, washer for, central tie 

point 
string 

1 piece of carboard or small note- 
book to suQporV sheet of graph 
paper beneath strings 
Spring scales marked in riewtons are 
preferable to spring scales marked m 
grams. However, it only gram scales 
are available, students can convert 
their readings to neMons using the 
approximation that each 10-g inter- 
val marked on the spring scal^ stands 
for 0.1 N of force. \ 
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^ 1. Use a conrimercial forc^^ board or set up three scales on a 
horizontal peg board as shown in the photo. 
• 2 Adjust the apparatus so that ^ach of the three strings IS between 
10 and 20 centfffieters long and the indicators p|i jhe three scales have 
different readings butall are near the centers of their ranges. 

' ^ Withtheboafdflatonatable.grabtheringattheinterseqtionof 
the strings, lift it upland let it snap back once or twice to overcome 
friction in the scales'and to adjust the tension for equilibrium. 

4 Slip a piece of graph paper beneath the thr^trings so that the 
ring is above the center Sf the paper and one of the strings lies directly 
above on? of the grid lirlfes on the graph p^per. With a sharp pencil. 

• 1 ♦ 

JL 1 



SUGGESTIONS ANP TECHNIQUES 

1 . Before setting up the apparatus, it is a good idea to ched^ 
'the zero reading of each- scale in the horizontal position and 
xompensate accordingly. 

2. Wherv selecting a force-distance scale for drawing 
vectors, use a scale'that will result in the longest vectors that can 
fit in the space available. 



make a dot on the paper to show the position of the center of 
the ring, and*make additional dots along each of the strings. A piece 
of cardt>oard or a thinjiotebook may be placed beneath the paper to 
support it while you are making dots. 

5. On the data chart record the scale r^l^gs F1. F2. and F3, in 
newtons, for each of the three scales. If the scales are caHbrated in 

_granis, multiply the^le readings by .01 togettheapproximatttweight 
in ijewtons. (Thus a reading of 32 grams would be recordediff^^ 
newton.) ^ 

6. Remove the paper from the apparatus and with the aid of a 
straight edge and a sharp pencil connect the dots^witti three straight 
lines radiating ^out from the center dot. These lines represent the 
directions of the forces exerted by^the spring scales. Extend each of 
these lines to the edge of your paper. Then measure the angle between 
the lines for scales Si and S2 and record this angle (A), in the data 
chart. ' ^ , 

7. Using a convenient scale (such as 1 cm of length represents0,2 
newton of force), start at the central dot and measure out a distance 
along the force line that corresponds to the reading of spring scale No. 
1. (If the scale read .32 N. and 1 cm length is used to represent .2 N, the 
measured distance should be .32/.2N/cm = 1.6 cm). Placd an 
arrowhead at the end of this distance and darkfen the line betweep the 
arrowhead and central dot. You now have a force vector that 
represents ^le reading F1. Repeat this procedure to construct a 
second forc^^ector for scale reading F2.- ' 

8. Corjstruct the resultant of the two vectors you have just drawn. 
V 9. Measure the length of the resultant and convert this value to a 
fcrce value using the force-distance scale that was previously 
selected. Enter this resultant fbrce F(R) in the data table. 

10. Now draw the force vector for the third force line. Compare it 
with the resultant of the first,two force vectors. Since the net force on 
the ring is zero when it is in equilibrium, the resultant Should be eqi^al 
in magnitude (value in newtons) and opposite In direction to the third 
force vector 

11* Using the same paper and the same force-distance scale, find" 
the resultant of the third force vector and one of the first two force 
vectors. Compare the resultant to the remainirtg force vector in each 
case. 



EXPERIMENT 2. VECTOR ADDITION OF FORCES 

NAME: 



N DATA TABLE 

dlaphic Force-Distance Scale 

y centimeter = newton 



Trial 1 Trial 2 ' Trial 3 Trial 4 



1 — 

r 


Scale F1 

j(N) 


1 40 






/ 


2 


Scale F2 , ' 
(N) 


5 

V/vA/ 










Angle A 










4 


Resultant F (R) 






X 




5 


Scale- F3 










6 


Percent 
Error 











RELATED QUESTIONS AND SUGGESYfeD ACTIVrTIES 

1. When three forces are in equilibrium the resultant of any^o 
forces should be equal in magnitude to the third force and opposite in 
direction. If you did not find this to be tnje. calculate your percentage 
error. This is done py subtracting the fmagnitudes of the resultant 
force and the third force, dividing the difference by the magnitude of 
the third force, and then multiplying the product by 100%. 




ERIC 

hmimrflnrfrnaaa 



Show a sample calculation here and enter the percent e/ror in the 
data chart. 



__% error 



1 



2. Predict what would happen to the reading on the third scale if 
Ihe first two scales ^^re to be moved closer together and the strings 
adjusted so they would indicate the same iorces as before. " 

ThQ reading of the third scale should increase. 



3. Experiment, by actually moving two of the scales closer 
together and adjusting the strings so they indicate the same forces as 
before. ^observe the reading of the third scale and comment on the 
accuracy of your prediction in the question 2 above. 

My prediction was correct. 

■ , . * 



4. If each of the thre^ scales is applying a force in a different 
direction, why is it impossible for the angle between any two of the 
forces to be 180^? 

The resultant of two forces at 18(r is zero. Thus, the addition of a third force is 
impossible. ' ' 



5. Suggest an improvement in the apparatus or a technique 
which would permit more precise measurements and reduce the 
percentage error. 

. The scales are calibrated to hang vertically. Since they are used horizontally 



here, they should be recalibrated. 



EXPERIMENT* TORQUES 




CLASS HOUR 



DATE 



PURPpSE 

Torque measures the tendency of a force to rotate an object aboift an 
axis. The principles of applying and balancing torques are explored in 
this investigation. 

A. BALANCING TORQUES ON A METER STICK 

PROCEDURE 




ERIC 



1. Suspend a meter stick from an overhead support as shown in 
the diagram. Slide the meter itick along the clamp until you find a 
positipn for the clamp' at which the meter stick balances horizontally. 
Record the position of this point of suspension X(0) in the data chart. 

2. Exactly 10.0 cm to the righfeof the point of suspension, hang a 
100-g standard mass. The weight of the standard mass exerts a force 
on the meter stick that causes it to rotate around the point of 
suspension. Observe whether the torque produced by this force is 
clockwise or counterclockwise. Record the position X(1) and weight 

' F(1 ) of the standard mass in the dats chart, using the approximation 
that a mass of 100 g weighs 1.00 newton. 

3. Hang a 200-g standard mass on the left side of the meter stick 
and adjust its position until the meter stick is balanced horizontally. 
Record this position X(2) and the weight F(2) of the standard mass 
(2.00 newtons). Also note whether the weight of the mass creates a 
clockwise or counterclockwise torque aroUnd the point of sus- 
pension. 

4. For trial 2, hang the 100-g mass 20.0 cm to the right of the point 
of suspension an^J jjalance the stick by finding the appropriate position 
for the 200-g mass on the other side. Record the position and weight of 
each mass. 



Students working m pairs should be 
able to complete most of this exper- ' 
imentjn the time that is normally 
allotted to the lab period. Because 
the equipment is comparatively inex- 
pensive and rugged, stydents might 
be. allowed to borrow some of the 
school's equipment and finish the 
experiment at home if necessary. 

APPARATUS PREPARATION 

For each group of students: 
1 meter stick 
1 lOO-g standard mass 
1 206'g standard mass 
1 .mefer stick damp 
string to suspend meter stick and 
-^masses 

overhead support such as tripod or 
ringstand to suspend apparatus 
For the entire class' 
several objects of unknown weight, 
" ' such as rocks (0.2 N to 10 N 
each) 

triple beam balance or spring ^cale 



r 



Remmd students that lOOg equds 0. 1 
kg and weighs .98 newtons. 

If this expenment is scheduled near 
the start of the course, it will a/so 
help to review the corwersions from 
altimeters ta meters. For example 
49.9 cm - ,499 m. 



SUGGESTIONS AND TECHNIQUES 



1 . It is irhportant that the meter stick not slip along whatever 
is supporting it Afthough' a commercial meter stick clamp is 
preferable, a cord with a tight slip Knot, may be satisfactory. 

^2. The position of ttie meter s!lck clamp is measured by the 
position of the pointer in the center of the clamp: 

3. SuspefKi the known and unkriown masses from the rT>eter 
stick using strong thread or lightweight cord. The weight of the 
cord can 't)e neglected in calculations. Commercial weight 
har^gers might be available at your school t>ut they are r>ot 
recommended for this experiment t>ecau9e their weights are not 
r)egligit>le and must be added to those of the har>ging masses in 
all cateulations, 

4. When the meter sticic » t)alar>ced horizontally, the cords 
that hold tfie hanging massesllill always be perperxJicular to tfie 
meter stick, sirKe the weight of Vne masses pulls them straight 
down. 



5, Repeat the above procedure, usir>g a variety of positions for 
the/lOO-g mass arnl finding the corresponding position of the 200^ 
mass ttiat will t>ai^Tce the meter stick horizontally. 

6. Sut)stitute different known masses on each side of the point of 
suspension. Repeat the alxwe procedures. 



Location of point of suspension X(0) = 



DATA AND ^^NALYSIS^qq 



TABLE I 



TRIAL 



ERLC 







1 


2 


3 


4 


5 


6 


Mass (grams) 


M(1) 


100 


100 


KX) 


. # 

WDO 






Position of mass 


X(1) 






•W 


•n 






Oistaoce from point of 
suspensKXi. meter 


S(1) 


.100 


.zoo 


.300 


•MOO 






Force. r)ewtoos 


F(1) 




too 


100 


fOO 






Torque. N — m 


Gd) 


.\oo 


.200 


.300 


.400 






Mass (grams) 


M(2) 


200 


200 


2D0 


200 






Position of mass 


' X(2) 


HHl 


.3% 




.302. 






OtstarKe from point of 
suspension: meter 




^1 




.150 


.W7 






Force: newtons 


F(2) 


2.00 




^oo 


2X» 






Torque. N — m 


G(2) 


.lOZ 




.300 


.394 




* 


Percent ertw 




.n 


.11 




1.52 
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EXPERIMEMT 3. TORQUES 

NAME i 



CLASS HOUR: 



1, The torque around the point of suspension, in newton- 
meters, equals the force creatihg the torque, in newtons. times the 
distance of the force from the point of suspension, in meters, 
C^culate Vt\e torque exerted by each force and enter irt the data chart 

2. When the itieter stick Is motionless, the torques are balaficed 
and the counterclockwise torque should be exactly equal to the 
clQckvAse torque. If there is a small difference due to experimental ' 
error, calculate the percent error by dividing ttie difference by the 
clockwise torque and multiplying the result by 100%. 

B. WEIGHING AN UNKNOWN 



ERLC 



PROCEDURE 

1, After making sure the meter stick is balanced horizontally 
when r)othing is hung from it hang a known mass on one H6e of the 
meter stick and an object of unknown hiass on the other side. 
Adjust the position of the unknown until the meter stick is again 
balanced horizontally. Determine and record the weight of the known 
mass and record the positiorw of the two objects. 

2, Move the known mass to several new positions. At each new 
position, move the unknown until Ihe stick is rebalanced and record 
the positions of the known and the unknown. 

DATA AND ANALYSIS 

. Location of point of suspension X{0) = -cm 



'^own mass m(k) = 



lOO 



TABLE II. 



TRIAL 
12 3 4 



Known Torque 


Position of mass (m) X{ky 






.714 


X9 






Distance Irom point 

of suspension (m) S(k) 


iPuO 












Force (N) F{k) 


1.00 


Ijoo 


IM 


m 






Torque (N-m) , G(k) 


.100 


.200 


.300 


.100 






Unknown 
Torque 


Position of unknown (m) X(u) 






.2^ 








Distance from point of 
suspension (m) S{i») 






.230 


.y« 






Torque (N-m) G(u) 


•lOO 


a/30 


.300 


.HOO 






Calculated weight (N) W(u) 


1-S3 


in 




i.n 






Measured weight (N) W 




I.3X 










Percent error E 


XL 


0 




0 
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<1. Using the fact that the clockwise and' counterclockwise 
torques are equal when the meter stick is balanced, calculate the 
^-—weight of the unknown and enter in the data chart. 

2. Use a spring scale ar commercial balance to find the weight of 

the unknown. (If you measure the mass of the unknown in grams, you 

can find the weight by using the approximation that each 100 g of 

' mass weighs 1.00 N.) Compare the measured weight with the weight 

' you calculated from the torques and find your percent error. 

♦ 

^ RELATED QUESTIONS AND ACTIVITIES 

1. Suspend the meter stick way off tenter so that^the clockwise 
torque is much greater than the counterclockwise torque. Hold the 
meter stick in the horizontal position and then let go. Describe what, 
happens and what final position the meter stick takes. 

Meter stick rotates clockwise. When it comes to rest, it is almost, but not 

P 

exactly vertical. 



2. Using the principles of torques that were learned in this exper- 
iment, make a scale of your OM/n and calibrate it to read weights 
directly instead of distances. ' 

3. Try a more complicated experiment by hanging several 
masses on each side of a suspended meter stick, one of them an 
unknown. Using the principle that the sum of the clockwise torques 
and the sum of the counterclockwise torques must be equal when the 
stick is balanced, calculate the weight of the unknown mass. Chpck 
the weight by using "a ^prisg scale or a commercial balance. 



.J 



I 



ERIC 
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EXPERIMENT • RESOLUTION OF A FORCE JNTO COMPONENTS 




NAME 



CLASS HOUR 



LAB PARTNERS 



DATE 



PURPOSE . 



Just as two forces acting together may be treated as a tingle force, 
called their resultant, a single force may be resolved into two or more - 
forces acting In different directions, called components of the original 
force. Th^ most useful application of this resolving technique is in . 
taking a force which is acting at an angle to the surface of the earth 
and resolving it into its vertical and horizontal components, \ 



PROCEDURE 



It IS recommended that this experi- 
ment be done with the students 
working in pairs 



ait to ( 




Many teachers wiil waht to do one of 
the procedures as a class demonstra- 
tion either before or after the labora- 
tory exercise. 

APPARATUS PREPARATION 

2 spring scales, range 0 to 20 N (or 
2000 g) ' ' - 

1 known weight, 10.0 N (Tape 2 
nickels to a 1-kg standard mass 
to give it a weight of 10.0 N.) 

3 lengths of string, about 20 to 20 
cm each 

overhead support to hang scales 
as shown in drawing 



1. Attach two spring scales to an overhead support and hang a x / \ 

known weight between them as shown in the diagram. Place a piece - ' v * \ 
of graph paper behind the paper so the ring is at the center of the \ 
paper and the ver:tical string holding the known weight coincides with \ 
one of the vertical grid lines on the graph paper. 

2*. Using a sharp pencil, carefully mark the position of the center 
of the ring on the graph paper ar^d then trace the angles formed by t^hg 
three strings radiating out from the center. 



3. Remove the graph paper from the apparatus^. Record the 
reading of the left scale (F1 ) and the right scale (F2) on the data chart 
and also on the appropriate pencil lines that you drew on the graph 
paper. 

4. With a protractor, measure the angles fonned l>etween the 
force lines and the horizontal grid lines of the paper. Record |he value 
of these angles, A1 and A2, in the data chart. 

5. Choose a convenient force-distance scale and construct a 
vector of appropriate length for each of the two forces supplied by the 
spring scales. 

6. From the top of each vector arrowhead, draw a vertical 'line 
downward until it reaches the level of the vector origin. The lengths of 
these lines correspond to the vertical components the respective 
forces. Measure the length ofjhe vertical line Fl(v) and using the 
same force-distance scale (step 5 above) calculate the por responding 
force and record the value in the data chart. Do the same iqr force 
F2(v). 




7. The horizontal components of the two original spring scale 
forces are represented by the distances t>etween the origin and the 
t>ottoms of the vertical arrows. (See the diagram at the left). Measure 
the ler>gths of these tvyo Jines and using the original force-distance 
scale, calculate the value of the horizontal component forces F1(H) 
arKl F2(H) and enter them in the data chart. 



/ ' \ ^ 

SUGGESTIONS AND TECHNIQUES . 

1. When making vector diagrarf^s. it is essential that a sharp 
pencil be used with a straight edge to draw all vectors and 
construction Jines. The use of WTlpoint pens is not recom- 
mended. I 

2. Always tap the appafti^us/and scales before making 
reddir>gs to be sure that the scale indicators are not stuck. Once 
the apparatus has been properly adjusted, however, be es- 
pecially careful not to disturb the equipment until all calcu- 
lations have been made. In case of error, it is a good idea to 
recheck the original data readings. 



14 o< 



3 



EXPERIMENT 4. HESOLUrlbN A FORCE INTQ COMPONENTS" 



NAME 



CLASS HOUR: 



DATA AND ANALYSIS 

(All forces are in newtons) 



Force exerted by left scale {F1) 
.^ngle A1 3 ^ 
Horizontal, component (FIH) 

./^ Vertical* component (FIV) 


¥.3 
















2.5 








3.¥ 








Force exerted by right scale {F2) 
Angle A2 
* rionzonipl componeni \r^ri; 

V/orti/^fil r^/^mr\r»npnt /F2V^ 


7:'3 








7?' 
















/ 0 
(0% 








Difference between horizontal 
-components (F1H)-{F2H) 


0.1 








Percei^t error of horizontal 
components 










Sum of vertical components ^ 
(FIV) -f (F2V) 










Weight of hanging mass (m) , 


/o.o 








Difference between upward and 
downward forces{F1V) + {F2V) 
-mg = , 




1 






Percent error of vertical 
components ' 




\ 








ERIC 



1. Using your force-distance scale, detennrrine the magnitudes of 
the horizontal and vQrt'ical components of the forces exerted by the 
scales. Record the magnitudes in the data chart. You may record your 
partners' valu^ for the components^n the remaining columns. 

2. If the apparatus is stationary and a condition of equilibrium 
exists, the horizontal force pulling to the left should be exactly equal 
to fhe horizontal force puljing to the right. The two are probably not 
equal because of experimental inaccuracies. Calculate the percent 
errqr by dividing the difference by the smaller of the two horizontal 
forces, and enter this value on the data chart. ♦ 

3. Since the apparatus was in equilibrium, all upward and 
downward forces m\jst be equal. That is, the sum 6f the vertical 
components of the forces exerted by ttie two scales must be equal in 
magnitude to the downward khown weight. If they are not equal, 
calculate the percentage error. 
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EXPERIMENT • FORCES CAUSED BY WEIGHTS ON ANJNCLINE 




NAME 



CLASS HOUR. 



LAB f^ARTNEPS. 



DATE 



PURPOSE 

When a weight is on an incline, only ^ po^rtion of the weight acts to 
force the object downhill. The relationship between the magnitude of 
the downhill component of the weight and the angle 6i Incline will be 
established In thte experiment. 



PROCEDURE 




If insufficient ttmejs available for the 
class tocompjete all of the experi- 
ments, this one may be omitted 
because the princi0ies are similai to 
those in experiment 4. 

APPARATUS PREPARATION 

-1 dynamics cart. Insert an eye- 
screw in the top of the cart, near 
the center, directly above the 
point where the cart will balance 
on your fingertip. 

2 lengths of string, about 30 cm 
each 

2 spring scales, range 0 to iO Nior 
2000 ^g) 



ERIC 



1. Place a dynamics cart of known weight on an inclined plane 
and adjust the tilt so that the block or' cart is free \o slide down the 
inclined plane. 

2. To make a vector diagram that wilrshow the component^of 
the weigfit Of the cart vyhen it is on the inclined plane, draw on graph 
paper a horizontal line representing the surface of the laboratory 
table. Also draw a line representing the inclined plane. The angle 
between Ihe two lines must be the same as the actual angle between 
the table surface and the inclined plane. Draw a small rectangle to 
/epresent the cart on the incline and place a dot at its center to 
indicate the position of its center of gravity. ChoO'se a convenient 
force-distance scaie and draw a vector vertically downward, starting 
at the dot. to represent the weight of the cart in.newtons (W). 
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3. Resolve the weight vector into two components at right angles 
to each other— one parallel to the incline F{P*) and the other 
perpefKlicular to the incline F{N'). The first component is the force 
which pulls tne block^ cart down the inclined plane and tjie secoRd 
is the force that presses the block or cart against the inclined plane. 

4. Place the block or^ cart on the inclined plane and connect two 
spring scales to it as shown in the diagram. Pull on one spring scale 
perperKlicular to the plane and pull on the other spring scale parallel 
to the plane. When the tension of the two spring scales has been 
adjusted property, it should be possfble to remove and reinsert the 
plane without disturbing the position of the cart. Record the readings 

, of the two spring, scales, [F{N) and F{P)]. 



DATA AND ANALYSIS 

Wfeight of dynamics cart. W = 



newtons. 



Angle of incline, A = _:__?:^i^degrees. 



Sine of ^gle of incline = 



Cosine of angle of incline = 



.375 






Component of weight parallel 
to surface of inclined plane ' 


Component of weight 
perpendicular 
to surfa<^ of inclined plane 


TRIAL 


Spring scale 
reading F(P) 


Vector 
diagram 
value F(P') 


% 
error 


Spring scale 
reading F(N) 


Vector 
diagram 
value F(N') 


error 


1 


^5 












2 














3 















1. Measure th^ lengths of the components of the weight vector 
on the vecfor diagram. Use your force-distance scale to convert these 
lengttis to force magnitudes, and record these values in the data chart 
IF(N') and F(PO]. 




2. Compare the values of the components obtained from the 
vector diagram with the corresponding valu^ measured with the 
spring scales. Calculate the percent error by dividing the difference 
between the dij^ram value and the spring-scale value by the spring- 
scale value and multiplying by 100%. 
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EXPERIMENT 5. FORCES CAUSED BY WEIGHTS ON INCUNE 

NAME: 



1 

CLASS HOUR: 



3. orange the angle gf incline and repeat the procedure alwve 
for each change of incline. 



SUGGESTIONS AND TECHNIQUESS' 

' Minimize the friction Iwtween the cart and the incline by 
making sure that the wheels of the cart are w6ll lubricated and 
spin freely. 

Make it a habit to gently tap a scale with your finger to be 
sure that it is not stuck, immediately before making each new 
reading. 



RELATED QUESTIONS AND SUGGESTED ACnVITlES 

1 . What relationship can you establish between the magnitude of 
the component along the incline and the sine or cosine.of the angb of 
inclination? There fe a d/recf proportional relationship between 

the magnitude of component the incline and the size of the angte. 



. 2. What refationship can you establish between the magnitude 
of the component perpendicular 'to the incline and the sine or cosine 
of the angle of inclinaR&o? ^ 

There is a direct proportional relationshiff^twe^n the magnitude of th e 
s> - — ' 

perpendicular component and the cosine of the angle. 



3. Calculate the angle of inclination that would result in a 
'component parallel to the incline that has a magnitude half as great as 

the weight of the cart Angle (F/2) .= oQ ^ 

Set ^r incline at the angle that you have calculatgd and use § spnng 
scale to measure the forge parallel to the incline. Account for any 
differences between your predictions and the actual results of this 
trial. 



With the incline setatSCT. the parallel component of the 12.7tj cart was 6.5N 

> ^ ■ 1 S> 

rather than the theoretical value of 6.35N. There is a 2% error in reading a 
spring scale and a quarter degree error in reading a protractor. 

9 ^ ' 



At 



I 
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EXPERIMENT # . TIMER CALIBRATION 




. NAME. 

^ LAB PARTNERS- 



CLASS HOUR. 



DATE 



PURPOSE 

Any device which produces repeatable events at regularly spaced 
Intervals may be used as a timer. In this experiment, several timers will 
be Investigated and compared for their timekeeping abilities. 



Investigate as. many different typ&s of timer as time permits, 



A. PENDULUM TIMER 



PROCEDURE 




If time IS limited, note that Part B 
(water clock) can be skipped if you 
' plan to omit Experimo^ 9, P^rt A 
^(Galileo's apparatus) and Part C 
(tape timer) can be ^kipped if you 
plen to omit Experiment 19. Students 
Should work on any of the timers in 
pairs. 

APPARATUS PREPARATION 

1 hooked standard mass, 200 g 
1 string, about 75 cm long 
1 support to hold pendulum 
' 1 stopwatch 



ERiC 



1. Suspend a weight from a string approximately 10 centimeters 
long. Fasten the top of the string to a stationary overhead support. 
Start the weight swinging in a small arc. Using a stopwatch as a 
standard, record the time that is necessary for the pendulum to 
complete the number of swings given in the left hand column of the 
data table for this experiment. Repeat this procedure several times 
until you .are- sure that the results are consistent and., repeatable. 

2. Increase the length of the strin^t6^5 cm to change thetiming 
interval of the pendulum. Using the stop watch find the time that is 
requirepl for the pendulum to complete the number of.swings given in 
the data chart. 

3. Readjust the length of the string to several different values, 
recording the swinging times required for each length. 

4. For each pendulum length, calculate the period of the 
pendulum by dividing the total time by the number of complete 
swings. . - < 

5. Make a period vs. lengfff graph by plotting the pendulum 
period associated with each of the string lengths. .Draw a smooth 
curve through the points that wer6 plotted^ 



See sample graph on next page. 
Before students, drpw curve, check 
that they (ealfze it should pass 
through the origin (period approach- 
es zero as length approaches zero). 
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SUGGESTIONS fStti TECHNIQUES 

1. In calrbiattng thfe pendulum timer, rt.is customary to 
measure the len^ of the pendulum from the point of 
suspension to the center of the weight In practice this rnay l)e 
found to be difficult to do with precision. If the perfdulum is 
measured from the point of jsusjDenslon to ttie top of the weight 
or to the tx>ttom of the weight, it will no|; affect the timer 
calibration as fong as ail measurements are made to the same 
point 

2. When using the water dd&k<Hlsimportarrt^ 
1^ be adjusted to the'^^uiie h^ht before each trial; for- 
consistent results. You migtit wish to place a piece of sticky tape 
on the outside df the funnel to mark this level. . 

3. Ttierateof ffow of water will decrease as tt)e water tevel 
becomes lower. To minimize this effect use a large hmr)el arxl 
small dtwieter glass tubing. 

4. To get rid of air txibbles that may form in the glass 
tutring, fill the funnel above the sticky tape and let the water run 
through the tubing until the marked level is reached. 

.5. if the dots recorded by the ^V)e timer are too dose to be 
counted easily, pull the tape througih more.qukAiy to spread the 
dots out or charige ttie frequency of the timer if possible. 

,Grap^ predicts fiir^dulum hngth of €. Select a string length whk:h appears on the calibration curve 
S.f!!J!l''*?r?f^-^^^^^^^^ but whkrfi vvas not detenrnined &pefin^^ 

curve, predict ttie time intervals that are required for the various num- 
bers of swings at thtspartknilar lerigth. Check these p 
imentally using ttie string and swinging weight ^ 



Measured titne for 20 mingt: 2a8 
sea Experimentei pehod therefore 

1.04^ sec (1% errofl 



DATA 




lO 20 30 40 50 60 



TRIAL 


Number 
Swings 


Le*GTHS OF pejpocujul 


10cm 


15 cm 90cm ^OCfii op 


Time in seconds 


1 


1 


az 


Ob 


XZ 


IH 




K 


2 


1 


02. 




1-0 


1-6 






3 


1 


0-3 




ot 


1-6 






4 


5 














5 


> 5 




HO 




do 






6 


5 r 




HO 


Sb 








7 


10 




8-0 


IIH 










10 


fc>^ 




WH 








9 


10 




ao 


UH 








10 


20 


128 


fbO 


2l4o 








11 


. 20 


/Zft 




-LlM 








12 


20 




l&4> 


7m 


3K*f 







Pendulum period (The tnnelfbr one swirig) 
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EXPERIMENT 6. TIMER CAUBRAT10N 

NAME: . , . 



CLASS HOUR: 



B. WATER dLQQXL 



PROCEDURE 




Qemqve finger from top of tube 
to start water flow. 



damp or paper dtp 



Beaker to catch 
overflow. 



API^ARATUS nEFABATION 

1 funnel, top diameter tO cm (or. 
larger 

1 piece g/a» tubing, about 10 cm 

H>ng, with outside diameter to fit 

into funnel base 
1 piece rubber tubing, 5 cm long, 
, with inside<fiameter to fit snugly 

over glass tubing 
1 pinch clamp or paper clip for 

rubber tubing \ 
1 piece pf rubber tape or putty to 

seal glass tubing in fupnel 
1 stop watch 

1 graduated, cylinder, 200 ml 
1 beaker, larg^ ernxjgh to hold 

graduated cylinder 
1 ringstand and clamp 
sticky ' tape (transparent or Ch 

paque) 



ERIC 



1. Make a waier dock by wrapping some rubber tape around a 
short length of glass hit>ing and inserting it in a funnel, as shown in 
the illustration. Ctanp the funnel to a stand. Under the^pwer end of 
the tubing attach a short length of mbber tubing with a damp or 
p^)er dip- This will bd used to regulate the flow of water. 

Z Place a gradualJd cylinder betow the rubbertubing.lt is ^ 
good tdeatouseabedcertoprevemiijiraterfror^iacck^^ spilling 
over the lab tal>le. ^ \ | 

3. Using a stop watch, determine tfie, am^Hint of water that is 
released when you lift yourfinger and thM press^ it down on tte 
the tubing after the tknein^v^ given in the d^ chart several 
trials. At tt« end of each trial, be sure to repl^ tfie water in the 
funnel so ttiat the water starts at the same level each time. 
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DATA .AND ANALYSIS 




O I 2 3 4 5 6 7 



The graph shows a straighhiine rela- 
tionship between the amount of wat- 
er collected t^nd the collecting time, 
unlike the curved graph for the pen- 
dulum leng^ vs. period- 





Milliliters of water collected 


^Collecting time 


1 sec 


3 sec 


^ CAP 


7 sec 


* Triol 1 


20 






ioc 


0 
L 


2b 


75 


Jin 


1 (o 


X 

J 


15 


78 


U8 




4 










Average 


20 


7b 


I2i) 


181 



1. Calculate the average amount of water collected in each time 
interval. Prepare a graph of amount of water collected \/s, collectingr^ 
time. 

2. Using your graph, predict the amount of wat6r that would be 
collected in 4 second^. 

Try it and see if you were right. 



3. If your water clock collected 25*niilliliters of water, how much 
time would that represent, *fp seconds? 

7 sec 



Check yoiir answer with a stop watch. 



APPARATUS PR£PABAT!ON 

1 tape timers 

batteries or low voltage ac (as 
specified by manufacturer of ti- 
hier) 

1 stop watch i 
1 length of paper tape, about 5 
meters Iqng 



C. TAPE TIMER 
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PROCEDURE 




EXPERIMENT 6. TIMER CALIBRATION ^ 

NAME " CLASS HOUR 



1 Clamp a tape timer to the laboratory .table. 

2. Pull a length of tape through the timer for three or four 
seconds, using a stop watch to measure the time. As the tape goes 
through, a vibratihg clapper or a whirling chain makes a series of dots 
on the tape. 

3. Count the number of dots recorded on the tape, omitting the 
first dot, 'and' enter on the data chart. 

4. Repeat this several times, always omitting the first dot when 
counting dots. 



DA.TA AND ANALYSIS 





Time in sec 


. Number of dots 


Trial 1 


30 




Trial 2 


3.0 


nq. 


Trial 3 


30 ■ 


185 


Trial 4 






■ Trial 5 


- 30 


178' 


Trial'6 


3.0 


i&l 


TOTAL 


180 


10 tq 



Time interval between two successive dots 



l/(oO 



C 



.sec 



1 . Find the total time and the total number of dots recor^Jed for all 
your trials. 

2. From the totals, calculate the time interval in seconds that 
elapsed between every two successive dots recorded by the timer. 



RELATED QUESTIONS AND ACTIVITIES 

1. Suppose that the time interval of one second v^re^to be 
defined as an interval on orte of the clocks that you worked with 
during this experiment. What is a main advantage of Refining a 
second in this manner? 

A main advantage is that materials for these timers are inexpensive end 



readily available throughout the world. 
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What is a main disadvantage? 

Timer is not precise and intervals are not identical. 



2. Which of the clocks that you calibrated during this experiment 
would make the most reliable timer? 

Probably the pendulum timer, provided it is always used in the same location 
(so that the force of gravity is constant) and the pendulum is released from the 
same position at the start of each new trial. 



3. How could each of these clocks be improved to be a more 
reliable and practical* timekeeper? 

Pendulum timer: string as light as possible, unstretchable, firmly fixed at top, 

rigid support, mechanism to count swings, put in vacuum (no air resistance). 
Water clock: automatically replace water to keep level constant, be able to 

measure large volumes of water Tape timer: count dots and pull tape 
automatically. 

' 4. Construct an improved timer having some of the features 
described in the previous question - and calibrate it in terms of 
standard seconds. 

' 5. No clocks are perfect. Check one pf your watches, clocks, or 
other timers with short wave radio signals at 1 0.0 MHz and 20.0 MHz or 
official time signals given by the telephone company (check your 
phone book for the telephone number in your area) over a twenty- 
four-hour period Record your results. 



Time (sec) 



TRIAL 


Timer 1 


Standard 


Timer 2 


r Standard 


1 




















3 










4 










5 










6 
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EXPERIMENT* RECORDING' MOTION WITH STROBE PHOTOGRAPHS 




NAME 



CLASS HOUR 



LAB PARTNERS- 



DATE 



ERIC 



PURPOSE 

A valuable technique for recording motion Is to photograph an object 
using a multlple^xposure technique called strobe photography. 
Several Images of an object, showing Its position at different Instants 
of time, are recorded on a single sheet of film. If the time Interval 
betv/e^n the exposures of the different Images Is known, and If the 
scaling factor between distances In the photograph and actual 
distances is known, the motion of the object can be analyzed. 
Although any camera may be used to take the photograph, a Polaroid 
camera is suggested because the photograph can be analyzed almost 
immediately after exposure. This experiment will help you learn the 
general principles of strobe photography and familiarize you with the 
'particular Polaroid camera that Is available. 



Ther? are three basic techniques for making multiple exposures of a 
moving object. The first Is to open the camera shutter In a darkened 
room and then Illuminate the object with short flashes of light spaced 
at regular Intervals before closing the shutter. Tl{e second technique 
Is to place a flasher, or bllnky, on the object and photograph It In a 
darkened room with the camera shutter open. The third technique Is 
to Illuminate the object continuously and rotate a stK>boscoplc disc in 
front of the camera lens with the shutter open. Radial silts In the 
rotating^disc expose the film for a short Interval of time -^s each of the 
silts In turn moves across the front of the camera. Use all the 
techniques for which equipment Is available. 



Adjusting tha Camera 

Load the camera with 3000-speed black and white Polaroid 

film. 

2. Mount the camera on a tripod and adjust the height so that the 
camera is about level with the object being photographed. 

3, Attach a cable release to the camera so that the shutter may be 
operated without jarring the camera. 

^. Point the camera so that the plane of the film is parallel to the 
path of the object being photographed, 

5. Look through the viewfinder and adjust the distance between 
the object and the camera so that the complete event may be 
recorded on the film. Adjust the lens for the best focus with the object 
in the center of the field of view. To photograph an object moving 



Poianod Wm is expensive and costs 
can be prohibitive if students are 
allowed to experiment individually 
with cameras and accessories. To 
reduce these costs somewhat, it is 
suggested th%t students be required 
to work m pairs. After each snapshot, 
one student can then analyze the 
positive print and the other the paper 
negative. 

To project a Polaroid stobe photo- 
graph, punch small pinholes through 
the print at key positions of interest. 
When the print is placed on an 
overhead projector, these points will 
appear as bright spots on the screen 
or blackboard, and the distances 
between them can be easily meas- 
ured by a student with an ordinary 
meter stick. 

In addition to the techniques de- 
scribed m this experiment, there is a 
new technique which has possible 
merit. An inexpensive modulator is 
now available which can be attached 
to your helium-neon laser. With one 
of these units, the laser can be made 
to flash on and off at known rates 
from zero to 100 kilohertz. The light 
from the laser is bright and if the 
laser is low powered, it i^ perfectly 
safe. These devices are available 
from scientific sS^pply companies and 
from manufacturers of educational 
laser equipment 
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SUGGESTIONS AND TECHNIQUES' 



1. (For electric-eye Polaroid cameras.) When using 3000- 
speed black-and-white film, set the film selector on the camera 
at 3000 for xenon strobe photos but at 75 for blinky or^tating- 
disc photos. The lens opens much wider at the 75 seuing and 
lets in more light. 

2. (For older, non-ejectric-eye Polaroid cameras.) If the 
camera has shutter numbers from 1 to 8, the lens is wide open 
for settings 1 through 4. The lens opening decreases in steps for 
settings 5 to 8. If the camera has EV numbers from 10 to 17, the 
lens is wide open for settings 10 through 13, and the opening 
decrease in steps for settings 14 to'l7. The larger the opening, 
ihe more light falls on the film. 

3. (For older, non-electric-eye Polaroid cameras.) The 
exposure knob must be reset at "B" after every exposure, as it'' 
automatically returns to the 'T' setting. 

4. The xenon strobe should not be aimed toward the dark 
background, or it will cause annoying reflections. Try placing it 
so that it shines along the path of the bulldozer. 

5. The uncovered slots on the strobe disc must be equally 
spaced or the exposures will not be equal time intervals apart." 

6. There is no advantage to keeping the shutter open after 
the object has moved out of the camera's range. You will merely 
expose the background longer and reduce the contrast between 
it and the object. 

through a distance of 1.0 meter, a Polaroid camera would have to be 
about 1.4 meters away. 

6. If yourcamera has an electric eye. cover it. If your camera is an ^ 
older model with no electric eye, set the exposure knob in frontof the 
camera at the "B" position. With the electric eye covered or the knob 
set at "B," the shutter will remain open as long as the plunger of the 
cable release is held. The shutter wil#close when the plunger is 
released. 




EXPERIMENT 7. RECORDING MOTION WITH STROBE PHOTOQRAPHS 

-fs^AME ' • ^ CLASS HOUR 



1. Place a toy bulldozer on 3 laboratory table. Arrange a dark 
background, such^s a black cloth screen, behind the bulldozer. 

2 To p npoinj the position of the bulldozer as it moves acr'oss the 
table, past( a small square of aluminum foil near the top of the 
bulldozer f< f a marker and place a meter stick on the table along the 
path of travel. , 

3. Using a xenon strobe light, adjust the flash for the lowest 
repetition, rate that is available. In a darkened room, practice several 
dry runs, until the techniques have been perfecjted. 
. 4. Expose a film under stroboscopic light, recording the photo- 
graphic conditions in the following chart. If the film is over- or under- 
exposed, try another, using different exposure conditions (see 
Suggestions and Techniques). This chart will be quite valuable for 
future reference. 



Camera Model No.. 



DATA 

Film speed. 



Date. 



Strobe Model No 



ERLC 



Flash rate 


Distanbe from 
camec^o object 


Film selector or 
shutter number 


Quality of 
exposure 






\ 





























B. BLINKY ' 



PROCEDURE 




Place a blinKy (neon or incandescent flasher) on top of a bulldozer 
and photograph it against a dark background with 3 Polaroid camera 
as it travels across the top of a table for a distance of 1 meter- in a dark 
room. Use a small incandescent lamp, to provide just enough 
illumination to make the meter stick clearly visible in the photograph. 
Record the conditions in the follov/ing chart. If the film is over- or 
under-exposed, try another, using different exposure conditions (see^ 
Suggestions and Techniques). 

DATA 

Camera Model Klo Film speed Date 



Flash rate 


Distance from 
camera to object 


Fihn selector or 
shutter number 


Quality of 
exposure 



















































C. ROTATING. STROBE DISC 



PROCEDURE 




Mount a motor-operated strobe disc in front of a Polaroid camera, 
follov/ing the instructions given by the manufacturer. Close all of the 
slits in the disc except one, by covering them v/ith tape. As the disc 
rotates at constant speed (given the manufacturer's instructions) the 
film v/ill be exposed for one small time interval during each revolution. 
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EXPERIMENT 7. RECORDING MOTION WITH STROBE PHOTOGRAPHS 



NAME 



CLASS HOUR 



Thus, if the motor is turning the disc at a speed of 300 revolutions per 
minute, the disc will rotate 5 times per second and the exposures will 
be 1/5 second apart, if 'two slits at opposite ends of the disc are 
uncovered, the film will be exposed twice during each revolution, 
making the exposures 1/10 second apart. As additional slits are 
uncovered, the interval between exposures will be 'decreased 
accordingly. Connect a flashlight bulb to a dry c)bII and place them on 
top of a toy bulldozer with the light burning continuously. Using the 
rotating strobe disc, photographrthe moving bulldozer against a dark 
background. Record the photographic cpnditions in the following 
chart. If the film is over- or under-exposed try another, using different 
exposure conditions (see Suggestions apd Techniques). 




Camera Model No. 



DATA 

.Motor speed- 



.Film speed- 



Exposure 
interval 


Distance from 
camera to object 


Film selector or 
shutter number 


Quality of 
exposure 




















4 
















( 















% . 



v 
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EXPERIMENTS STRAIGHT-UNE MOTION AT CONSTANT SPEED 





NAME: . 



CLASS HOUR 



LAB PARTNERS: 



DATE. 




PURPOSE 

In this experiment, the position of a bulldozer moving fn a straight line 
Is measured at various timds, to determine the bulldozer's speed. 

PROCEDURE 



Starting line 




This experiment works best with the * 
students working in groups of three* 
one operating the bulldozer, one 
keeping the time, and the third re- 
cording the data. Toy bulldozers are 
suggested because they are readily 
available from suppliers of Project 
Physics apparatus, but almost ^^y 
battery-operated "toy will do if it 
travels slowly enough to be timed for 
30 seconds. 

APPARATUS PREPARATION ^ 

1 battery-operated toy bulldozer 
1 meter stick or tape measure 
1 stop watch or wrist watch with 
sweep second hand • 



ERLC 



1 . Allow a toy bulldozer to travel across a table top or the floor for 
a distance of 3 or 4 meters in a test run. 

2. Place a tape measure or series of meter sticks along the path of 
travel. .Start the bulldozer a few centimeters before the starting line.' 

.When the bulldozer reaches the starting line, start keeiping track of 
the time with a stop watch or sweep .second hand. 

3. Five seconds after the bulldozer crosses the smarting line, 
Vecord its .position. Without stoppin^g,^ bulldoz.er, repeat this 
procedure at 5-second intervals. Enter alT of the'idata in the fir§t 
column of the data chart. • ^ ^ 

4. Reduce the speed of the bulldozer by forcing it to drag a load 
^behind as it travels. Following the procedure ^bove, record the 
position of the^ bulldozer at the end of each 5-second interval-in the 
second column of the ^ata cfiart. 

5. Add heavier weights behind the bulldozerjo reduce its speed 
further, and record position and time data in the remaining columns of 
th9 data chart. - 
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SUGGESTIONS AND TECHNIQUES 



1. Before recording any data, Jt is a good idea to make 
several \nal ''t^ns to become familigrwith the apparatus. 

2. use fresh batteries in the buHdozer to ensure that it will 
.operate when dragging heavier loads, \ 



DATA AND ANALYSIS 



50O 




5 10 15 20 25 30 
Tim« Ca*c) • 





Position in cnfi (x) 


Trial 


Time in sec 


1 


2 


3 


4 


5 


16 


7 


8 


' 9 


10 


0 


0 


0 


o' 


0 


0 










4 


5 


75 


5b 




52 


ST 












10 


HO 




in 


100 


?7 












15 ' 


m 


190 






N2 










\ 


. 20 


305 


m 


211 


2^ 


179 


« 




4 






25 


572 






2S7 


2Z0 












30 


453 






Z^Z 














Average speed 

In cnfi/sec. Vav 

t . 


/5 


IS 


11 


10 
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LJoc-Bach trial cal^tate the„ayera5.e_spe^d.A^avj5^^ 

total change in positroiv^the total time intervafthat elapsed/t. 

2. Use the data for the first trial to plot a graph of position vs. 
time. . * 

3. On the same piece of graph paper, plot a graph of position vs, 
time for each of the other^trials you ran. Label each graph line with the 
number of the assocfaled trial. • 

4. The shape of a position vs. 'timet graph for motion*^constant 
speed is a straight line. Do your grapns have this shape? 

Yes. (But hot all points lie exactly on thei/iines.) 



5. How does the steepness of/ 
of the bulldozer is decreased? 

The graph becomes less steep as the 



ie graph line change as the speed 



oeed of the bulldozer is decreased^ 
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EXPERIMENT 8. STRAIGHT LINE MOTION AT CONSTANT SPEE 



NAME 



CLASS HOUR 



6. For one of the trials, x:alculate the change in position during 
each 5-second interval. * ' ' 



Time (t) 
(sec) 


Position (X) 
(cm) 


Interval 
(sec) 


Change in 
position's , 

(cm) (s) 


0 . 




5 


'51 


0-5 


52- 


10 


.100 ' 


5-10 




15 


m 


10-15 




. 20 - 


101 


15-20 


.65 


25 


157- 


20-25 


Sb 


30 


' 19Z 


?5-30 
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Does the position change by the same amount in equal time intervals? 
What dq^s this t^ll you about the speed? 

The position did not change by exactly the same amount ih equal time Ask students who get consistently 

' good results^that is, equal changes 

*)ntervals. ^This shoves that the speed was not constant, but fluctuated in position— to show the rest of the 

— z ' ; class their techniques. 



somewhat. 



RELATED-QUESTIONS AND ACTIVITIES 



1. why is it wise to have three.or more pairs of position and time 
values before drawing a graph for itioti(^ at constant speed? 

It IS impossible to tell if the distance-tiirre graph is a straight or curved line 
unless.at least three points are pitt ed. A straight line indicates fairly constan t 
spe^d but a curved line sugggsts that the speegf was varying. ^ 
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2. If'you made Polaroid photographs of a moving buHdpzer in 
Experiment 7, analyze them to find the speed of the* bulldozer. ' 

^ ^ 3. An automatic position vs. time graph may be made by using 2 
bulldozers. The first bulldozer pulls a wide strip of paper acr6ss the 
top of the table while thesecond bulldozer pulls a felt tip pen at right 
angles to the paper. The pen can be held upright by sticking it in a 
block of Styrofoam or other lightweight material as shown in the^ 
diagrarfi below. ' , 
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EXPERIMENT # CONSTANT ACCELERATION USING A WATER CLOCK 




AME. 



CLASS HOUR:, 



LAB PARTNERS: 



DATE: 



PURPOSE 

^ This experiment provides a chaiienge for you to obtain meaningful 
data of acceierated motion using very simple apparatus that was 
available over 400 years ago. ^ 

PROCEDURE 



It is recommended that students 
work in groups of two or three. If 
possible, several types of apparatus 
should be set up in the laboratory - 
with provision made for students to 
complete expesjments at home if 
they find that more time is needed for 
a particular set of measurements. 



GALILEO'S APPARATUS 




APPARATUS PREPARATION 

1 boardrat least 1 meter long, with 
a channel to roll ball down 
. 1 steel ball, 2to3QW in diameter, 
or equivalent 
1 water clock (see Experiment 6, 
Part B, for construction details) 



Using the apparatus shown, tilt a board about 15^ witl;i the 
horizontal. Start a steel ball from rest 15 centimeters above the barrier 
at the bottom of board. At thelnstant the ball is releasedr start the 
water clock; stop the clock the instant the ball hits the barrier. Repeat 
.this sevefal times, recording trte quantity^ of water that accumulates 
during each tr^ial. Using the same incline, increase the distance that 
thfe- ball rolls to 30 centimeters and record the amount of water that 
accumulates for each of several trials at' this distafic^. Repeat this 
procedure se\^eral more times, increasing the distance that the ball 
rolls in steps of .15 centimeters. Using this technique, the principle 
characteristics of accelerated motion will be observed, but the time 
will be given in milliliters of water instead ofthepfiore familiar units of. 



seconds. 
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SUGGESTIONS AND TECHNIQUES 

1. Practice releasing the ball with one hand while starting 
the water clock simultapeously with the other. 

2. Refer back to Experiment 6 for additional instructions on^ 
using a water clogk. * \ 



DATA AND ANALYSIS 



Distance 
s 

in cm 


Tri3l 1 


TlfT 

(milliliters 
Trial 2.^ 


le t 

of water) 
Trial 3 


Trial 4 


Average 
time 
t 




15 


H 


n ■ 


13 


■15 


/6 




3Q 


25 


Zio 


25 


^^ 






45 


31 






' 31 


31 




. 60 


HO 






Hi 





















\ 




1. When, several trtals have been completed, calculate the 
average timg't(|^ ^jPj^^'^^^^^ water) for each distance and enter 
these values in the^a ch|rt. 

2. For each distance, calcutet^|tie square oT the average time 
and enter these -calculations in fff^^data chart. 

3.. The distance covered by an object uniformly accelerated from 
rest is given by the relationship: s= at^. Thus, if a graph of s vs t^ is 
plotted, it shoujdjjesult in a perfectly straight line. Make a careful 
graph with time (in ml pf water)^ on }he x axis and displacement (in 
cm) on the y axis. Draw the best straight line between the points and 
see how close your points come to this line. 

• ♦•^When your data is entered in the computer, it will compute the 
best straight line between the data points by the least squares method 
and will indicate how closely the dats^ follows theoretical results. 
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EXPERIMENT • ACCELERATION OF A SPINNING DISC 





NAME 



CLASS HOUR- 



LAB PARTNERS. 



DATE 



r 



PURPOSE ^ 

In free fall, objects move too fast to observe details of their motions. In 
this experiment, most of thp gravitational energy is taken up by the 
spinning of a disc so its motion down a slope can be readily observed, 

PROCEDURE 



Wooden block and 
rubber band 

Spinning disc 



Meter sticks 




Arrange a disc between two met^r sticks as shown. Allow the disc 
to roll^dpwnhill between the meter sticks for a distance of 15 
centimeters. With a timer record the time from the instant the disc was 
released until it has traveled the required distance. Repeat this several 
times to be sure that the data are consistent. Then increase the 
distance that the disc rolls in steps of 15 centimeters, running several 
trials for each djstance. Record all the time and distance data in the 
data chart 



SUGGESTIONS AND TECHNIQUES . 

1. Practice releasing the disc so it starts from rest without 
any initiafi motion. ♦ 

2. Watch out for any slipping that might take place when the 
dfsc spins fast. Disregard any trials where slipping is observed. 

3. Disregard any trials where the disc rubs against the meter 
sticks at its sides. 



Students may find that some of the 
apparatus does not "work weir be- 
cause of excessive friction or slip- 
page, and the acceleration data will 
be anything but uniform. For exam- 
ple, the spinning disc will probably 
^tart slipping along the top of the 
meter sticks as its speed increases, 
giving som/ weird data. Encourage 
the students to recognize these sour- 
ces of error and see if they can 
improve the apparatus to obtain bet- 
ter,data. Given encouragement, they 
will "invent" improvements such as 
covering the top surface of the meter 
sticks with masking or friction tape to 
increase friction between it and the 
spinning disc. 

APPARATUS PREPARATION 

1 circular disc, 10, to 15 cm in 
diameter, with an axle firmly fixed in 
the center so thet it will rotate with 
the disc. Disc may be made of wood, 
fiberboard, or metal or may even be a 
rubber wheel. 

2 meter sticks to act as a^ inclm^. 
Masking or friction tape stuck 
along the upper surface will 

' prevent slippage of the disc. 
2 blocks of wood, approximately 

5 cm by 5 cm (or slightly larger 

than the thickness of the disc) 
2* rubber bands (to hold apparatus 

tdgether at the upper and the 

lower ends) 
1 ringstand and clamp, or other 

support (to hold the meter sticks 

in a tilted position) 
1 stop watch or a clock with a 

sweep second hand 
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Tie t ( i 
Trial 3 


n sec) 
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t 


12 


Acceleration 
a=2s 
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15 
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RELATED QUESTIONS AND ACTIVITIES ' 

1. Calculate the average time (t av) it took for the disc to cover 
each of the preset distances down the slope. Enter these data in the 
chart. 

2 Calculate the square of the average time (t^) for each tnaL 
Enter these values in the data chart and plot a graph of distance vs 
average time squared. 

3. Compare your graph with a theoretical curve for constant 
acceleration (a straight line). Repeat one of the trials and observe the 
motion of the disc carefully to note any motions of the disc that might 

"account for deviations from the theoretical * 

•**lf you have a computer prograrTlmed for this experiment, use it to 
help in^your analysis of the data. 

4. The acceleration of an object starting from rest should follow 
the-rejationship: a = 2s7t2 if the acceleration is uniform. Using this 
relationship, calculate the acceleration for each of the distances tried 
and enter the ^'esults in the last column of the data chart. If the 
accelerations are not exactly equal in each case, -account for the 
variations by closely observing a few more trials of your apparatus. 
How do you account for the variations'? 

Most variations encountered in this experiment are due to inconsistent 



releases and sliding of discs along the meter sticks. 
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EXPERIMENT • ACCELERATION USING A LINEAR AIR TRACK 




NAME 



CUVSS HOUR- 



LAB PARTNERS 



DATE 



PURPOSE 

Using the almost frlctlonless linear air track, fnany of the errors asso- 
ciated with conventional apparatus are eliminated and results 
approaching the theoretical values can be obtained. 

* 

PROCEDURE 



APPARATUS PREPARATION 

1 linear air track with air supply 

and glider 
1 met^r stick (if. air track is uncal- 

ibrated) / 
1 stop watch or a clock with sweep 

second hand 



LINEAR AIR TRACK 




PROCEDURE 

Using stop watches, which are usu- 
ally reliable to the nearest tenth of a 
seconds produces results which are 
within 5 to 10 percent of theoretical 
values. With photocell gates to start 
and stop a digital timer errors are 
reduced to less than 2%. 



ft 



1. Test the air track to be sure that it is perfectly level. When the 
track is level, a glider will remain almost motionless when it is placed 
on any portion of the track. If necessary, ask your instructor for help 
in leveling the track. 

2. Raise one end of the track a very small amount so the glider 
starts to move slowly downhill when it is released from rest. Measure 
the angle of tilt and record it for trial 1 in the data chart. 

3. Using a stop watch or a photogate and electronic timer, 
measure the time required for the glider to slide down the air track for 
a distance of 15 centimeters from rest. Check this value for 
consistency by repeating the prdcedure a few times. When you are 
confident that the measurement is repeatable, enter the time in the 
datatx;hart. 

4. Repeat this for several additional trials increasing the distance 
in steps of 15 centimeters. Record these data for trial 1 in the data 
chart. 
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^ SUGGESTIONS AND TECHNIQUES ^ 

1. Adjust the air track for the minimum flow of air that will 
support the glider. 

2. Many air tracks have calibrated screws at the base to 
facilitate measuring the angle of tilt. If necessary, check with 
your instructor to see how to make tilt adjustments and 
measurements. 

3. Shut off the air blower whenever the track is not being 
used. This will help to prevent overheating of the motor and 
reduce Bmbient noise levels. 



DATA AND ANALYSIS 




tS Sfi 735 



Distance 
d 

in cm 


Trial 1 


Tim( 
Trial 2 


3 I (in se 
Trial 3 


c) 
Trial 4 


Average 
time 
t 




15 






(.5 


1-5 


IM 


2.0 


30 


ZO 


2.1 


20 


2-1 


20 




• 45 


2-5 


2 b 


2-5 


2.5- 


2.5 




60 


2-8 


2-9 


2.8 


■2.8 


2-8 




75 


. 3Z 


3.3 


3.3 


3-2 


3-2 • 


/0.2 


. a(c) 




/3-8 


/3.8 


Hlo 


/ 


a(t) 


15M 


ISM 


15M 


ISM 


Slope 










% Error 
E 


s.zi 









1. Determine if the acceleration is uniform for each trial by 
constructing a graph of s vs t^. If the graph line is not perfectly 
straight, check the apparatus for any obstructions in the air flow or 
irregularities in the air track or glider. Account for any variations from 
a straight-line graph. 

Almost all points lie on a straight line. J 
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EXPERIMENT 11. ACCELERATION USING A LINEAR AIR TRACK 

NAME CLASS HOUR 



2. For each trial, calculate the acceleration from rest using the re- 
lationship a = 2s/t^ where: s is the 75 cm distance on ^ur data table 
and t is the time for the glider to travel this distance from rest. Enter 
the calculated accelerations in the data chart. a(c) = 

3. Theoretically, the acceleration of an object slidjng without 
friction down a constant slope Is given by the relationship a = g sin A 
where: g is the acceleration of gravity (980 cm/sec) and A is the angle 
of the slope measured in degrees, with respect to the horizontal. 
Calculate the theoretical acceleration for each trial and enter the 
values in the data chart. a(t) = • ^ 

4. Calculate the percentage error by subtracting the calculated 
and theoretical values for the acceleration, dividing by th^ theoretical 
.value and multiplying the dividend by 1CX)% Enter the percentage 
errors values in. the bottom row of the data chart 

^ ACTIVITIES AND RELATED .QUESTIONS 

1, Wind resistance increases with velocity. Do an exponent to 
show this using an air track, electronic timer and a modified glider of 
your own design. Organize your data in tabular form and append your 
results and conclusions to this lab report 

2. Predict the acceleration of a glider on the air track at any angle 
of slope that you have not yet tried using the relationship a = g sin A 
Then actually measure' the acceleration of a glider down this slope 
and compote the percent error. 

Angle A = ? ^, 

Acceleration that 1 predict is . 3M,Z — cm/sec. 

Acceleration found experimerjtally is — cm/sec 

My % error is 
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EXPERIMENT* PENDULUM 



r 




X — 



PURPOSE 

Objects In free fall accelerate towards the center of the earth undpr 
the Influence of the fearth's gravitational force. In this experiment you 
.will measure this acceleration by observing the movements of a 
simple pendulum. 

The time it takes a simple pendulum to make a complete swing (back 
and forth) is called its period (7). If Ihe pendulum is allowed to swing 
through a small angle, the period is given by the equation 



T = 2rr 



whfre: L is the length of the pendulum measured 
from the point of suspension of the 
string to the center of the pendulum bob 

g is the acceleration due to gravity 

If you know L and T, you can determine g by rearranging the above 
equation.^ ^ ^ 

When L is in meters and T is in seconds, g will be in m/sec^. 



The Simple pendulum method of 
determining the acceleration ofgrav- 
Iff is easily done by students working 
in pairs or as individuals. To save 
time, if a student has already re- 
corded dQta using the pendulum as a 
timer (Experiment 6, Part A), he or 
she may use that data to do the 
calculations as a homework assign- 
ment, and the lab time can be used 
for the swinging meter stick method. 



PROCEDURE 





APPARATUS PREPARATION 

1 drilled steel ball, 2 cm to 3 cm in 
diameter 

1 string, about 75 cm long 
1 support to hold pendulum 
1 stop ^atch 



SUGGESTIONS AND TECHNIQUES 

1 . If a ring stand is used to support the peryfulum, be sure to 
clamp the base of the ring standi so that it wilrnot vibrate as the 
pendulum swings. 

2. Do all calculations in the laboratory with the Equipment 
readily available so that any unusual results can be immediately 
rechecked. Using a calculator will save a great deal of time in 
making calculations. 

3. You may wish to write down the value^of the constant Av^ 
so you don't have to calculate it each time. 



1. Suspend a jsteel ball from a ring stand by a string so that the 
distance from the point of suspension to the center of the ball is 0.5 
meter. 

2. Displace the ball about ld cm to the side and allow the ball to 
swing freely. / 

3. Observe one complete swing of the pendulum. Notice how the 
speed increases, then comes to rest as the pendulum moves away and 
then repeats this on the way back to the starting point. 

4. Measure the time for 20 complete swings ahd divide by 20 to 
find the period of the pendulum (T) in seconds. Enter these values in 
the chart below. 

5. Lengthen or shorten the pendulum string and repeat the above 
steps for as many trials as time permits. Calculate the value of g for 
each set of values Liand T. In each case calculate your percentage 
error by finding the difference between your experimental value and 
the standard value, 9.8 meters/sec^; dividing this difference by the 
standard value; and multiplying by 100%. 



TRIAL 


Pendulum 
length (L) 
(meters) 


Time for 
20 swings 
t (sec) 


Period 
• (T) 
(sec) 


g = 4 TT^ L 
(m/sec^) 


E 

Percent 
error 


1 


o./o 


/2.8 






lO'/o 


2 


0./5- 




0 80 


• 9-3 


5.3% 


3 ■ 


0.3(9 


n.h 


113 




5.37. 


4 


OhO 


Z\.0 


1.55 




107. 


5 












6 












7 












8 






if 
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EXPERIMENT 12. PENDULUM 

NAME- 



RELATED QUESTIONS AND ACTIVITIES 

1. Friction at the point of suspension and air resistance will tend 
to increase the period of the pendulum over that of the theoretical 
valup. Would this tend to make the experimental value for g too high 
or too low? . ^> 

Too low. 



2. Simulate a strpn^er gravitational force by placing a strong 
magnet a few centimeters below the center of the steel ball so that as 
the ball swings, it is pulled both by the earth's gravity and tHe magnet. 
How does this affect the period of the pendulum? 
The period becomes less. 



How would it affect the expewmental value'of g? . — 

The value of g would increase. 

3. The original instructions require you to displace-the pendulum 
about 10 cm to the side for each trial. Devise an experiment to see 
what happens to the period of the pendulum as the initial amount of 
dlsp^acement is increased or decreased from this value. Record your 
results below. 

At large displacemerit angles there is a noticeable decrease in the pendulum 



period. 
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EXPERIMENT # 



ACCELERATION OF FREE FALL 




PURPOSE 

A freely falling body gains speed too quickly to observe its motion 
withput precise timing apparatus. In this experiment, a pendulum, 
consisting of a swinging meter stick, permits accurate timing to the 
nearest one-hundredth second. 

' PROCEDDRE 



Dowel stick 




Drilled steel or 
brass bad 

Meter stick 



Figure A 




Figure B 

V 



1 Suspend a meter stick fr<5m the lower of two nails^ in a 
woodeh dowel stick, as shown in Rgure A. 

* 2. Displace the bottom of the meter stick approximately-20 cm 
from ttje vertical. With a watch measure the time it takes for the meter 
stitk to svO^ng back and forth 10 times. Calculate the period of the 
meter stick (time fpr one complete swing back and forth) and enter' 
this in the chart. 

3^ Using a s^tring approximately 210 centimeters long,, connect 
one en,d'td the bottom of the meter stick and attach the other end to a 
dr'fl led- steel or brass bait: Loop the string over the upper nail. 

4. Adjust the suspension so the ball barely touches the zero mark 
on the meter stick (Figure B). |||^^ 

' 5. Check the alignment of the apparatus by slowly lowering the 
ball along the rifieter stick. It should just graze the stick all the way 
down. - . . ^ 
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APPARATUS PREPARATION 

1 ringstand and table clamp to- 
hold ba^e of ringstand steady 

1 dowel stick, Z cm by 5 cm, with 
two nails about 4 cm apart pro- 
truding jtt least 3 cm 

\ 1 swivel clamp to fasten block to 
^ ringstand 

1 meter stick with two eyescrews^ 
' inserted into one end. If end of 
meter stick has brass cap, drill', 
sn^iall pilot holes in end of cap to 
admit screws. 

1 piece of carbon paper, approx. 3 
cm by 20 cm 

1 Igngth of string, approx. 2,5 met- 
ers long 

1 drilled steel or brass ball 

1 stop watch or watch witjri svi^ep 
second hand 



The met^r stick and'ball apparatus 
can be operated with a bit of practice 
by students working in pairs. The 
swinging Iv^ter stick acts both as a 
distanbS-mhasuring device and as a 
tini&r witn a precision of ± 0J)1 sec. 
Onte the students have mastered the 
ball* re leasing and alignrmnt tech- 
niques, this inexpensive apparatus is 
capable of measuring the accelera- 
tion of gravity with an error less than 
2%. 



SUGGESTIONS AND TECHNIQUES 



1. If a ring stand is usecUojuspend the apparatus, be sure 
to clamp the base of tlie ring stand to the Jaboratofy table to 
prevent it from wobbling. 

2. Do not attempt to calculate the period of the^ swinging 
m'eter stick using the. simple-pendulum equation 




y ^ The mass of a simple pendulum is concentrated in the bob, 
whereas the mass of the meter stick is spread over its. entire 
length. i 



6. Hold the string with the center of the ball at the zero mark of 
the meter stick and^the bottom of the stick -displaced about 20 cm 
from the vertical. With the apparatus in this position, releasing the 
string will simultaneously release the ball and start the meter stick 
swinging. The instant that the meter stick reaches its vertical position, 
the ball and the stick will collide. The interval between the time of 
release and the time of collision will be exactly one quarter the'period 
of the meter stick. The distance that the ball fell is measured from tf\e 
top of the meter stick to the point of collision. 

7. During a trial run, determine the approximate point of collision 
between the ball and the meter stick. At this location Jape a strip of 
white paper to the meter stick and cover it with a strip of carbon 
paper, placing the carbon iide against the white paper. When the 
experiment Js repeated, the ball will leave a mark oh the white paper 
wher6 it collides with the^meter stick. « 

8. Using the equation 

2s 

calculate the acceleration of gravity for several trials as well as the 
percentage error in each case. 



DATA 



/ 



erJc 





1 


TR 
2 


lAL 

.3 


4 


t '■ 1 ■ — 

Time for 10 meter stick swings (sec) 
ltfT= ^ 


I6H 


Ib.q. 


\h.lo 




Period of meter sticl< (sec) T= 

^< 










Distance of fall, S (m) 


.817 


m 


m 




One-quarter pejHbd, t tsec) = 
■ t =//4 • 




Mil 






AcceleratioiVaue to gravity 
(m/seg^^ - 2s/ t^ 




100 




100 


Percent error E = 






10/. 
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EXPERIMENT 13. ACCELERATION QF FBEEfALL ^. 

NAME^ . ' ^ - > ' ' ' > ^^^^ 



. RELATED QUESTIONS AND ACTIVITIES 



1. When the tiall and the meter sti|HQj|tfte, the mark left op the 
white paper is i vertical line approxirn^t^PlFcm long^ jather than a' 
dot In measuring the distance that the ball fell, should you measure^ 
to the iop of this line,, the njiddle octhe bottom? x ' ' _ 

To the top of the vdrtical line, ^ ,^ - 

• The initial contact between the ball and the meter slick should 
Reason. — — 

occur when the stickds at the vertical position. As the stick continues -its swing, 

. ^ ^ ~~ 



t he ban slides, dO0iward along the carb'On pap ' leaying a sf^ort liM. 

^ ^ . ' * ' . : ^ ' V ' 

2. Fasten a heavy clamp to the bottorr the meter^tlck to add 
more>jnass *at its lower end. Predict how^th^, will/affect the period of 

the swinging meterstick. ^ 

^ - <^ ' ' = 

Most studepts predict thaU the pet od will not change. « ^ 



Me^asure the period and'^recojyJ your, results. 
The period increases. 



^ ' a With a heavy clamp attached to the bottom of the meter stick, . 'l' 
repeat. the initiaUprocedure t<5- measure^ the acceleration of gravity. ^ ^^^^ 
Predict how this'will affect the value of g^hat you will get. Try the ' . ^ 

exjjeriment ^nd compare your results with the predictions. 

Attaching a heavy clamp to the lower end of ihejneter stick does not af'feci t ' . v 

the acceleration of the ball the period ofjlhe meterstick wtll be a bit longer, . ' 

so the ball will falj^for a longer timejyefore^ojllding with the stick, but it will 
also fall through a longer distancemlhese two effects should cancel ea^h 
other^ w ' - - * , ^ 



. ^ ' 

* 4. In this experiment we did not account for the friction bt^ihe 
cord against the upper supporfnor did we accqgnt for the air^resis- 
tance as" the meter stick swmgjs. Would these two errors add to- 
, ' gether to increase the total error or would they t^nd to cancel each 
i other out? . ^. ' ^ ^ 



The two errors would add together. 

" Air friction on the met^r stick tends to increase the period of its swing, and 

n» " * friction betv/een the cord and the nail fends to decrease the di&iance of fall 

Reason. : ■ — ; — * 

<befor^ collision. The combined effects tend to give us a valve of g less than ^ _ 

*the standa}d 9:8 m/sec^. ^ ' ' 
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This prot)lem^ of determining the 
acceierhtion of gravity using a plto- 
nograph tarntabte ahd suspended 
balls is too difficult for the' average 
^high school student. It is presented 
as a challenge for those few students 
who are highly motivated^ physics 
and have a facility for handling sim- 
ple algebra. 




The ball just above the turntable 
touches the turntable at time zero 
The other ball hits it a time t_later. 
Since it falls from rest a distance Sr= 
V2gtf, then g = 2 s/t^. If the turntable is 
rotating at 33 1/3 revolutions per 
, minute, the time for one full revofj^ 
tion is 1 8 sec If the ai;igular distance 
in degrees between Ihe two carbon 
marks is K the turntable rotates a 
fraction A/360P of a circle while ^e 
second bafl is falling, so the ti'mens^ 
(hS sec) (M36(Pl Therefore, g in 
terms of P^is ^ ... ~ 

g = 2sl(1.B sec)' fkl360P)'. ' . 



5. If you enjoy math and wish to {ry an experiment a bit more 
difficult than the others, suspend two balls over the same radius, R, of 
a phonograph turntable. One ball should be just abo*/e the turntable 
and the other should be at a known distance above this level. While 
the phonograph turntable is rotating at a kpown speed, burn the 
string between the two balls so they start falling simultaneously from 
rest. The point of impact of each pf the balls will be recorded by a 
mark made by a piece of carbon paper over a sheet of white paper on 
the turntable. Derive a formula which wifl ^ive the acceleration, of 
gravity in terms of the angular distance. A, between the two marks on 
the paper. Using the formula that you derived, set up the apparatus 
and calculate the acceleration of gravity fi^oni the data you record, 
gf = 2sl(1.B sec)' (AI36(P}' where A = angular distance in degrees, 



Formula — 



S = initial distance of higher bail above tattle. 



where A - angular distance in degrees, s = initial distance of 



Results ^'"^ open-ended experiment for the unusual 

student, no sample data is given However,^ students can be ch(\U(Vc\\jn\i f£L 
develop their, own refinements and See hoviT close they can get to the 

^c^pted ve^lue ofg^by varying the heights of the bails and the rotation speed 
of th&'turQtable, (Note that if the rotation speed is changed, the time for one 
revolution will no longer b9 tS sec; if one of the balls is not directly 9 bove the 
turntable, the time interval between the two impacts becomes \/2s^i/g_ - 
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EXPERIMENT # 



MASS AND-WEIGHT 




NAME 



CLASS HOUR 



LAB PARTNERS. 



DATE. 



PURPOSE 

\ t - 

Every object has a masa that Is related to the difficulty In changing Its 
motion. In this experiment, we shall measure the mass and weight of 
several objects and see how they are related. 

PROCEDURE 




It is recommended that this experi- 
ment be done with the students 
working in pairs. Inertial balances 
may be assembled with two blocks of 
wood and two hacksaw blades or they 
may be purchased imxpensively 
from scientific supply companies. 

\^ 

APPARATUS PREPARATION 

1 inertial balance 
3 or 4 C clamps of mass roughly 
100^g each 
*. clamp to secure balance to table 
spring scale to weigh C clamps 
watch with sweep second hand 



1. Clamp arr martial ^balance to the edge of the laboratory table, 
as shown in the diagram. 

2. Dispflace the end of the balance to one side and release it so 
that it vibrates horizontally. Record the number of complete 
vibrations (back And forth) during a 30-,sec interval and calculate the 
period of the balance (the time required for 1 complete vibration), 

3. Increase the m^ss at the end of the batence by attaching 
several C clamps, one at a time, and record the number of corh'plete 
vibrations during .a 30-sec interval as each clamp is attached. Any 
objects may be used in place of C clamps provided that they can be 
firmly attached to the end of the balance and their masses are 
identical. The center of each object must be the same distance from 
the end of the balance. Calculate the period of the balance for each 
number oi C clamps. ^ Jt 

4. Plot a graph of the period of the balancTvs the number of C 
clamps, or other objects that were attached.<Draw a smooth curve 
between the points. 



See sample graph on nbxt page. 
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SUGGESTIONS AND TECHNIQUES 

1. When the inertial balance is m rapid oscillation, it may 
help to hold a stiff piece of paper near the side of the balance so 
that a click is heard with each vibration. . ^ ' 

2. Some inertial balances have excessive frictf6n and will 
not sustain vibrations for 30 seconds. If this is the case, the 
period of the balance may be calculated using a smaller interval 
of time, although the precision will prQbably not be as great. 

.3. Counting the number of vibrations in a set time interval, 
rather than timing a set number of vibrations, cninimizes the 
error that 'can arise when miscounting very rapid vibrations. For 
rapid vibrations, the chanc^f^miscounting is greater but so is 
the total number of vibrations, so the percentage counting error 
is about the same as for slow vibrations. 



0.50 



040 



S A30 

o Q20h 



aoo 




•I 2 3 

Mo of C clampd 



5. Remove the clamps and tape a stone pr another object of 
unknown mass to the end of the balance. Operate the inertial balance 
and determine its period with the object of unknown mass attached. 
Find the point on your graph curve that corresponds to this valu'e for 
the period. The value for the number of C clamps associated with this 
point tells you the mass of the obfect in units of C clamps. 

6. Weigh each of the C clamps on a spring scale. Find the 
.averagH.weightiDt a ciarap. Calculate -tbe welght of*,^ unknown by 
assuming that the weight is proportional to ^j^e -<Ttfiss. 

7. Weigh the unknown on the spring scale. Determine the 
percentage error between the measured^weight and the weight that 
was calculated using the inertial balance. 



DATA 



According to the graph, the period of 
.34 seconds corresponds to 1.2 "C" 
clamps. Thus the unknown would be 
1 "C" clamp within experimental 
error. 



'^iliitliffiiffTilLU 
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TRIAL 


Number of C clamps 
attached to inertial 
balance 


Number of vibrations 
in 30 sec 


Period 
(sec) 


1 


0 


/Ob 




2 


I- . ■ 




033 


3 


Z 


77 


0-39 


4 


3 






5 


-m'knovoiv 


88 




6 








7 








8. 
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EXPERIMENT 14. MASS AND WEIGHT 

I 

NAME I 



CLASS HOUR 





TRIAf/ 




1 


2 


3 




5 


6 


Average 


Weight of C 
damp (N) 


0-90 




0-90 


4 






0-90 



Mass of unknown 
(in number of 
C clamps) 



M = 



Calculated weight of 
unknown (N) W (calc) = 



l.ZC 



Measured weight of 
unknown (N) W (meas) = 



o.e>bN 



Percent error 



E = 



10% 



RELATED QUESTIONS AND ACTIVITIES 

v.. How is the period of the inertial balance affected as additional 
masses are attached to the end? 

As additional masses- aref added, the period of the balance increases. 




2. Predict the manner in which the period of the balance would 
be affected if the balance were operated In a vertical rather than a 
horizontal position. 

If the balance is clamped to a vertical support so that the edges are hortzontal 
but the ead vibrates up and dow n, the constant pull of gravity is in the same 
direction as the restoring force half the time and in the opposite direction the 
rest of the time. The period should not be affected, 



^ Jry it and record the results. 

i^ln the horizontal positi on with one clamp attached, the period of oscillation 

was 0.33 sec. The period of vertical oscillation with one clamp attached was 

' identical, ^ 
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3. Predict how the period would be affected^tta strong magnet \ 
were held beneath the platformwhile the balance was operated in its 
normal horizontal position with one C clamp or other metal weight 
attached. 

A strong magnet should decrease the period of oscillation because the 
restoring force of the magnet is being added to the restoring force of the 
spring. , ^ 



Try it and record your results. I 

With a strong ainico magnet held below the mertial balance and with one 

clamp attached to the end, the period was reduced from 0.33 sec to 0.^1 sec. ' 



\ 
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EXPERIMENT • NEWTON'S SECOND LAW 




NAME 



CLASS HOUR 



LAB PARTNERS- 



DATE- 



PURPOSE 



According to Newton's laws of motion, the velocity of an object can 
change only when a force is acting on the object In this experiment, 
the relationships between the force that is applied, Jthe mass of the 
object, and the resulting acceleration will be experimentally estab- 
lished. 



vpRbCEDURE 




1 . Place a dynamics cart on a smooth horizontal table and attach 
a paper cup or milk container to it, as- shown in the diagram 

2. To compensate for friction, piace just enough sand or gravel in 
the milk container so that the dynamics cart will move at a constant 
velocity once it is started. Using a good balance, measure the total 
mass of the cart, milk container, and gravel and record in the data 
chart. ' 

3. Place two pieces of tape on the table to mark off a distance of 
50.0 cm 

4. Apply an accelerating force of 0.05 N by adding 5.0 grams of 
sand or gravel to the container and record the time it takes the cart to 
travel between the pieces of tape, starting from rest. 

5. Calculate the acceleration of the cart, using the equation 



a = 2S 



J^ng 



Students working in groups of two or 
three should be able to do bqimparis 
of thts experiment during ahy'plcal 
laboratory session and- still have 
some time left for plotting graphs. In 
every class, there will be some stu- 
dents who are dissatisfied with their 
results usiing a stop ^atch and a 
dynamics cart. If there is extra time, it 
IS a good idea to set up at least one 
linear air track in the lab. 



APPARATUS PREPARATION 

1 pulley, clamped to table 
1 dynamics cart 

1 stop watch 

1' length of string, about 100 cm 
long 

2 pieces of masking tape, about 25 
cm each, for indicating a starting ^ 
and finishing line 

1 milk container Or paper cup for 
holding sand or gravel (Or stan- 
dard masses) 
1 set of standard masses or 1 cup 
of sand or gravel 
centrally located triple beam bal- 
ance for the entire class 
bricks or masses of about 1 
kilogram each for increasing 
mass of cart 



1 



^ SUGGESTIONS AND TECHNIQUES ^ 

1. If desired, known standard masses may be subst''.uted for 
the milk container and sand and gravel. These small masses are 
very expensive, hov^ever, and are not likely to improve the result 
of this experiment. 

2. To keep the mass of the system constant v^hile deter- 
mining the effect of increased accelerating forces, it is sug-/' 
gested that a container holding isome sdnd or gravel be placed 
on the cart. Transferring some of this<material from the cart to 
the' suspended jTjilk container will /riake it possible to increase 
the accelerating force without changing the mass of the system. 

V , ^ > 



See sample graph on this page. 



See sample graph on next page 



6. Repeat the above procedure several more times, increasing 
the accelerating force by 0.05 N or 0. 10 N each time by adding sand to 
the milk container. 

7. Plot a graph of acceleration vs. force, using your data. 

8. With a constant accelerating* force provided by the"^avel in 
the milk container, vary the mass of the accelerating system (cart, 
container, and gravel) by adding known masses, about 1 kilogram at a 
time, strapped to the top of the cart. For each trial record the mass of 
the system and the resulting acceleration. Make a graph showing how 
Ihe accelerattOf^ vanes with Tncreased mass. 



DATA 



Variation of Acceleration with Force (Constant Mass) 

So 



'Distance moved, S = 



cm 



Mass of cart, container, and gravel m = 



IHOO 



9 , 



20r 



15 



0 

^ lO 



3 5 



QOO QK) 0 2Q b.30 040 
Acccleratirvq foroa Oi ) 



TRIAL 



Force 
(N) 



ao5 



0/0 



ozo 



0^30 



Time, t 
(sec) 



5M 



3-0 



Acceleration, a = 25/f2 
- (cm/sec^) 



3.5 



5-7 



/( 
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EXPERIMENT 15. NEWTON*S SECOND LAW 

NAME 



CUSS HOUR 



'Varmtibrrvt Acculeration wit tr Mass - ( Constant - ForcBf 

Distance moved, S = cm Accelerating force F = ' N 



TRIAL 


Mass of cart, container, 
gravel, and added mass 
(9) 


Time, t 
(sec) 


Acceleration, a = 2slX'^ 
(cm/sec^) * 


1 


IHOO 


20 


' Z5 


2 


ZHOO 




6-3" 


3 


3^oo 


80 


11 


4 








5 


* 







1 5t 
^ O 



RELATED QUESTIONS AND SUGGESTED ACTIVITIES 

1. According to the text book, the acceleration of an object is 
directional proportional to the force that is applied. How does your 
^raph of acceleration vs force indicate this relationship? 
IhQ graph is not a straight line. 




\ooo 7000 '^ooo woo 



Systematic errors caused by friction 
m the wheels, angular acceleration of 
the wheels, and difficulty in timing 
short intervals with a stop watch are 
likely to cause variations from the 
theoretical direct proportionality. 



2 According to your te>4 book, the acceleration la inversely pro- 
portional to the mass of an object providing the accelerating force is 
constant. How does your graph pf acceleration vs. mass show this 
relationship? 

The curved line of the graph indicates an inverse relationship, but increasing 

wheel friction as more mass is added to the cart will cause variations from 
theoretical ext>ectations. 



An air track with automatic timing 
mechanisms (such as photocell 
gates) will give results that are very 
close to the theoretical relationship^. 
This apparatus js quite expensive, 
however, and t^kesmore time to set 
up and operate than is usually avail- 
able in a typical lab session. 



3. It is difficult to verify Newton's second law experimentally 
using a dynamics cart because the applied force not only accelerates 
the cart but also makes the wheels roll faster and faster. If your school 
has a linear air track in which 'a glider resting on a cushion of aif 
moves almost fnctionlessly over a rigid metal track, repeat the above 
experiment, recording your data and analysis on the reverse side of 
this sheet. 
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EXPERIMENT • TRAJECTORIES 




NAME. 



CLASS HOUR 



LAB PARTNERS 



DATE 



PURPOSE 



The path, or trajectory, of an object which Is moving horizontally as it 
rises or falls freely Is a parabola. In this experiment the trajectory of a 
ball which rolls off a ramp will be studied. 



PROCEDURE 



Ball 




Cart>on paper covered 
by tracing paper 



Plotting board 
covered by 
' graph paper \ 





/ 



Impact 
board 



ft IS recommended that this experi- 
ment be done with students working 
m ptirs, each student should gather 
individtjal data with the help of his 
partner The apparatus is available 
from suppliers of Project Physics^ 
equipment and comes complete with \ 
plotting board, impact board, steel 
ball, and channel incline. 



APPARATUS PREPARATION 

1 set of tra/ectory apparatus 

1 piece of carbon paper (2 cm by 

20 cm) for each student 
1 piece of tracing paper (same size 

as the carbon paper) for each 

student 



1 Align a piece of graph paper so that the long edges are 
vertical, and rule a horizontal line near the top of the paper Starting at 
the left edge, rule a series of vertical lines 2 cm apart, 

2. Adjust the slope of the ramp on. the trajectory apparatus so 
that a ball will be ejected horizontally upon reaching the bottom. Use 
a carpenters level if one is available. ' ' ^ ^ * 

3 Mount the graph paper on a plotting board, making sure that 
the intersection of the firsVyertJcalJine arMii\9 horizontal line on the 
graph paper is aligned with the bottom of the ramp 

-4. AJlow the -ball to roll down the ramp, and fall in front of the 
graph paper. Start the\ball at different heights along the ramp until 
one is found which will cause the ball to land at the lower right hand 

Kj t 61 



/ SUGGESTIONS' AND TECHNIQUES ^ 

1. Practice releasing. the ball in exactly the same manner fpr 
each trial. You will find that releases are more consistent if the 
ball is held with a ruler instead 6f with the fingers prior to 
release. 

2. For improved data analysis, allow the ball to strike the 
^ impact board several times at each position. The differences \s\ 

) position of the impact points at each location can be measured 
to give a quantitative indication of the error. - 

3. Clamp the apparatus or hold it firmly to be sure ^that the 
\impact board does not move while it is being struck by the baify 



corner of the graph paper. Hold the ball on the ramp at this position 
and tape a small block of wood to th^amp at the top of the ball so 
that the same position may be easil^%und for future releases. 

5. Cover the face of the impact board with a stnp of carbon 
paper, carbon side out, and then cover the carbon paper with a sheet 
of transparent tracing paper. 

6. Place the impact board on the lab table so that.thaJraclng. 
paper touches the fottom of the ramp. 

7. Roll a ball down the ramp and allow it to strike the impact 
board and make a small mark on the tracing paper. 

8. Adjust the graph paper on the plotting board so that the 
intersection of the first vertical line and the horizontal line at the 
upper left corner coincides with the mark on the impact board. Mark 
the graph paper at this spot. 

9. Move the impact board to the right until the tracing paper is 
aligned with the second vertical line on the graph paper. Starting the 
ball at the predetermined position on the ramp, allow the ball to roll 
down and strike the impact board On the second vertical Ime of th^ 
graph paper, mark the height of the impact point. f\oll the balL.^q^^A-~> 
the ramp for several more trials, moving the impact board to e'acfrof--^ 
the remaining vertical lines on^he graph paper and mark the position 
of impact for each location on the graph paper. 

10. With the impact board out .of the way, aljow the ball to roll 
down the ramp and check that it passes each of the marked points 
on the graph paper as it falls in front of the plotting board. 

11. Remove the graph paper from the plotting board and draw a 
smooth curve connecting the points to show the trajectory. 



DATA ANALYSIS 

1, Remove the graph paper from th.e plotting board, and starting 
from the* left, number the vertical T^jes consecutively 

2. On each of the vertical lines, (Treasure the distance between 
the level of release and point of impact to the nearest thousandth of a 
meter and record these values on the chart thai follows. 



EXPERIMENT 16. TRAJECTORIES 



NAME- 



CLASS HOUR. 



3. Using the equation: 



S = %gf^ 



% 



calculate the time of fall for each of the distances recorded in the 
chart. Enter these valuer in the next column of the chart. 

4. For each of the impact points on the graph paper, measure the 
horizontal distance that the ball has traveled after launching and 
record these values on the data chart. Calculate the average 
horizontal speed at which the ball traveled to reach each of the impact 
points by dividing the horizontal distance by the ^e. Enter these 
values in the last column of the data chart. 



Vertical 
distance 
(m) 

SCv) = 


Time 
(sec) 

t = 


Horizontal 
distance 
(m) 

S(h) = 


Average 
horizontal 
speed 

(m/sec) V = 


oooo 




QOOO 






0.0Z5 


O-OZO 


0-80 


OOlO " 




ooMo 




ooz\ 


OObb 


O-ObO 


oqi 




0-O87 


0-o?o 


0-^2- 




0111 


0100 


0-^0 




OI3B 


O-lzO 


o.qo ~ 


Ollb 


0^1 5M 


0-IHO 


0-QI 


o\sz 




o-ie?o 


o-qi 




0\(\b 







RELATED QUESTIONS AND ACTIVITIES 

1. Replace the graph paper qn the plotting board and check that 
the ball follows the same trajectory when released from the 
predetermined point. Move the entire apparatus to the edge of the 
table so that the ball could continue its fall until it reached the floor 
Measyre the 'distance from the bottom of the ramp to the floor and 
calcufate the time that would beVequired for the ball to fall this 
distance using the equation / 
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Using this time and the horizpntal speed which was calcu[ated earlier, 
predict the point of impact where the ball will hit the floor. Try 'this 
experiment and calculate your error in predicting the point of impact. 

_ Assuming that the bottom of the ramp is 1.00 m above' the floor, 

the' time required,to fall to the floor (using S = Vagtf J is 0.45'$ec. Traveling at an 
average horizontal ^eed of 0,92 m/sec, in 0.45 sec the ball would cover a 

^> 

horizontal distance of 0.41 m. 

2. If the apparatus were placed at the edge of a cliff, 1000 meters 
high, and -the ball were released on the ramp on a windless day, why 
would it be difficult to predict the point of impact of the ball at the 
base of the diff? 

V^hen the ball falls a great distance, rotation will cause its path to become 

curved and air resistance will have an appreciable effect on the travel time as 
well as on the uniformity of the^ horizontal speed. 



;3. Place a penny at the edge of the table and shoot a nickel along 
th^ table so that it hits the penny and they both fall off the edge. The 
penny flies out farther than the nickel but both will hit the ground at 
almost the same .instant. Why? 

Since both coins are shot off the edge Of the table with a vertical speed of 
zero, both take the same amount of time to reach the floor. The greater 

horizontal speed of the penny causes ft to cover a greater horizontal distance 
than 1h& nicker^oTingi lhat time. 

4. Make a strobe photograph of the ball falling in the trajectory 
apparatus usirig one of the techniques given in Experiment 7, From 
measurements on the photograph, calculate the horizontal speed of 
the ball and compare It witfT that determined In the data chart on the 
previous page. ^ 

Refer to Experiment 7 for techniques and suggestions for maf<ing strobe 
— • , , . ^ 

photographs. 
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EXPERIMENT • 



CENTRIPETAL FORCE 




NAME: 



CLASS HOUR. 



UB PARTNERS. 



DATE 



. PURPOSE 

A force which continuously changes the direction of motion of an 
object so that It moves In a circle Is known as a centripetal force. In 
this experiment the relationships among the mass, centripetal force, 
speed, and radius of curvature will be Investigated. 



PROCEDURE 



This experiment should be done with 
students working in groups of three. 
One student operates the apparatus, 
'keeptng the radius- constant as^the 
'Stopper IS whirled in a horizontal 
Circle. A second student counts rev- 
/Gluttons, while a third watches the 
time 



Glass tube covered 
with tape 




- T- '-^ ^ ^ 
\ meter 

2'hole rubber stopper ) 



Marker 



Light cord 



lOOg standard mass 



i 



M 



APPARATUS PREPARATfON 

1 meter stick 

1, length of fishing line, approxi- 
mately J. 5 m long 

1 piece hf glass tubing, 10 cm 
long, firepolished at ends and 
covered with tape 

3 or 4 two-hole stoppers of differ- 
ent mass\ 

1 100-g standard mass 

2 200-g standard masses 

1 piece of cellulose or masking 
tape, 5^ cm long, or 1 paperclip 

1 sfop watch or clock with sweep 
second hand 



1. Pass a strong light cord through a 10-centimeter length of 
glass tubing. At one end of the cord, fasten a 100-g standard mass. 
At the other end. tie a 2-hole rubber stopperas shaven in the diagram. 
Hold the bottom of the cord in one hand and manipulate the glass 
tubing with the other so that the rubber stopper revolves overhead in 
horizontal circles approximately 1 meter in radius. (See Suggestions 
and Techniques.) When this has been mastered; release the standard 
mass so that it is free to»move up or down. In this mode of operation 



0 




' SUGGESTIONS AND TECHNIQUES 

1. To preveat the-eord from being cut by the edge of the 
glass tiJbmg, the tubing should be fire polished by heating it in a 
burrsen burner flame unfil the rough ^dge has softiened into a 
smooth ^surface. For safety, the glass %>bing should be covered 
with some !lpe. ■ - - ^ ^ 

2. The radius of the string will bebifficult tp measure while 
the stORp<fr is movirig. Oneway of measuring it is^^to mQ'^sure the 
string before or after the actual trial A small marker such as a 
paper clip 'or a piece of tape attachQd to the string about 2 cnr. 
below the glass tubing will t^e helpful in maintaining a constant 
radius while the stopper is berng revolved. 

J3. When _ measuring the radius, be sure to measu re thfi_ 



distance from the center of the stopper to the denter of the top 
opening of the glass tube. 

4. To keep the centripetall force from^ varying during the* 
experiment, it will be necessary to practice keeping the rubber 
stopper revolvtTT^5ft> a horizontal circle. If the circle is not 
horizontal, a changing centripetal force wi-lltje observed during 
each revolution. 

5. The values of the Known masses are usually 'given in 
grams. Remember to convert these values to kilograms before 
multiplyii^g by g to get'the force in newtons. 



See sampje graph on opposite page 
Check that students realize th^l force 
IS zero when spied is zero. 



See sample graph on opposite page. 
Check that students . realize that 
speed IS zero when radtus is zero. 



See sample graph /lear the oorres- 
ponding data table, • 
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the weight of the hanging mass supp^the centripetal force which 
forces the rubber stopper to move in a circle. 

^/Find the speed of the rubber stopper by allowing the stopper 
to whirl in a horizontal circle of constant radius (r) for twenty 
revolutions while measuring the time. The sp^ed is equal to the 
distance divided ,by the<i^time; where'the distance is 2 7r r for each 
revolutidfiv 

J^3. Lricrease^the centripeta£ ^Drce by adding known masses to 
supply additional centripetal force. As each known mass is added,' 
recdVd the centripetal force aqd the resulti-ng speed of the rubber 
stopper. Be sure that the radius of the circle in which the stopper 
moves does not ohange from trial to trial. Plot a graph of centripetal 
force vs". speed. ' 

4. Keeping the centripetal force constant, whirl the stopper in 
horizont^ circles of different radii. For each radius, calculate the 
speed at which the stopper moves. Plot a graph of speed vs. radius 

5. Keeping the radius and centripetal force constant, vacy the 
mass thai reVolves by substituting different size rubber stoppers. With 
each substitution, you will find that thq speed changes. Plot a graph 
of the speed vs. mass. . • 
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EXPERIMENT 17. CENTRIPETAL FORCE' 

NAME 



CLASS HOUR 



Radius of circle (= r) 
Mass of rubber stopper 



Varying 4he Centripetal Force . 

' . = ^ 0-50 



m(s) 



0.031 



meter{s) 



kilogram (s) 



TRIAL , 


M 

Hanging 
mass, 
(kg) 


F(c) 
Centripetal 
force, Mg 

(N) 


, No of 
* revolutions. 


Total 
distancei 
d - 2TTr/) 
(m) 

— ^ 


Time, t 
(sec) 


Speed, 
d =' s/f 
(m/sec) 


1 * 


OIOCT 








/5.8 






p-2P0 


2.0 . 


10 




no 


57 






2-^ 


> 




no' 


5 7. 


4 




3-9 




63 


78 


81 . 


5 










•A 






do 2,c^ 4.0 b.o ao 



Varying ^e Radius 



•Mass of rubber stopper ^ rn (s) = 



OO/h 



Centripetal .force ( = weight ^of hanging mass) F(c) 



kilogram(s) 
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i 'J 



newton(s) 
8.0^ 



TRIAL 


' Radius, 
r 

(m) 


No. Of 
revolutions. 


Total 
distance, 
d = 2nrn 
(m) 


Time, f 
(sec) 


Speed. 
V = d/f 
(n|/sec) 


1 




■ 10 


38 


b-l 




2 


010 ' 


10 ' 




lp.7 


io-h 


3 . 


0.80 




' 50 


7Z 




4 




10 


■ 57 


7-h 


7'S 


5 














0.00 



0.50 
RodiusCm) 



1,00 



r 



Varying the. Mass otthe Rubber Stopper 



Radius of circle (=r) 



r - 



100 ' 



meter(s) 



r Centripetal force (=weight of hanging mass) F(c)= 



= 2.0 



newton(s) 



laOc- ^ 



^ ac 

JO 




- 

TRIAL 


m(s) 
Mass of 
stopper 

(kg) 


No. of 
revolutions 
n 


Total 

Hl^tHnpp 

d = 2 /rrn 
(m) 


Time, t 
(sec) 


Speed, 
V = d/f 
"^(m/sec) 


1 


OOZI 


10 




hi 




2 




10- 


(old 




8-5 


3 




10 


62.8 






4 . 












5 













"TJ 

Ol 

vO 

0.0 



J 



O.OOO 0.020 o.o^o 
' Mass Ckq) 



(This relation is^not linear, although 
this may not be apparent J/W the 
graph: The speed goes as 1/!!fm.) 



RELATED QUESTIONS AND.ACTIVITIES 

1. Examine the graphs that have been prepared and summarize 
the relationships that you have fourrd between: 



a. speed and centripetal force. 



The centripetal force in- 



creases with the speed but is not directly proport ional to it (graph Js not a 
straight line.) 



b. speed and radius. 

Is Tiot directly proportional Jo it. 



The speed increases with the radius but 



c. speed and mass of revQiving object. 
creases as the mass incteases 



The speed de- 
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2. Select a rubber stopper of unknown mass. Measure the speed 
as it is whirled in a horizontal circle of the same radius and with the* 
.same centripetat force as in Step 5, of the Procedure. Using yt>ur 
speed vs. mass graph, find the mass of the stopper Check your 
results by using a balance to find the mass of the stopper. 

Mass from graph m(g) = 

0.030 



Mass fronr ^ance m(b) 

V/ 

Percent error E = ^ "> 
68 



0-031 



■kg 
r 

-kg 



EXPERIMENT 17. CENTRIPETAL FORCE 

NAME % * - 



CLASS HOUR 



3. When a rubber stopper is resting on a rotating phonograph 
turntable, the friction between the stopper and the turntable provides 
the centripetal force which keeps the stopper from skidding off 
Measure this force by placing the stopper on a stationary turntable 
and pulling it with a spring scale -Until it just starts to slide. A more 
precise technique is to attach a light string to the stopper, pass the 
stry^.g over a pulley, and then hang known weights on the other end of 
tho Qtr-fng Hnti! thP f^tnpper begins to slide Now place the stopper 



The main difficulty that^tudents are 
(lively to encounter is in determining 
the speed (v) of the stopper as it 
travels in a circle on the turntable. 
Using a standard^ phonograph turn- 
table, the speed can be calculated by 
taking the distance for one revolution 
(2 nr) and dividing it by the time t for 
one revolution. At 78 rpm, t - 077 
1: 3 3 s e e; and at 



33 3 rpm, t = t80 sec. 



near the center of the turntable and turn the motor on so it turns at a 
known speed. If the stopper does not slide, stop the turntable, and 
reposition the stopper a little closer to the rim until the minimum 
radius is found at which the stopper begins to slide. Using the 
equation 



F = mv^r 



calculate the centripetal force and compare this with the fnctional 
force which was found earlier. 

In a typical trial, a stopper of mass 0.036 kg was placed on a turntable with a 



record revolving at 45 rpm. Th^ stopper began to slide when it was 10 cm 



(0 10 m) from the center of the turntable. Calculations indicate a centripetal 



force of 0 07 N compared with a spring scale reading of 01 N 
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EXPERIMENT* 



NEVrrON'S THIRD LAW 




CLASS HOUR 



St. 



LAB PARTNERS 



DATE 



PURPOSE 



The conseqaences of Newton's third law of motion may be observed 
lylT^p hvo objec*? apart in o pposite dire ctions. You Will perform a 



This experiment has been successful 
With students working alone or with 



f^"^'^ — 
ontroHed explosion and compare the change of momentum of each 

object. 



PROCEDURE 



: Carbon paper over 
! white paper 




Load Short string Dynamics cart 

/ 

/ 




Long string 



as many as tour in a group. Besi 
results have been found with stu- 
dents working in pairs. 

APPARATUS PREPARATION 

2 dynamic carts (heavy carts With 
small light wheels are prefer- 
able) 

2 or more weights to attach to 
carts ^ 

2 rubber bands to attach weights 
to carts 

10 lengths of short stnng, each 10 
cm 

1 length of long stnng, about 1 m 

2 sheets of carbon paper N 
2 sheets of white paper 

tape to fasten paper to lab table 
■ matches to burn stnng 
1 meter stick 
1 triple beam balance 



In this experiment, two dynamics carts ar-e placed on a table as shown 
iri the diagram. Their sjpring-operated plungers are compressed and 
held in this position with a short string. The string is burned, allowing 
the carts to fly apart. The change of momentum (mass times change ♦ 
in velocity) of each of the carts is determined. To avoid the necessity 
of usin^ a timer, a long string is connected between the two carts S0 
they will both stop at the same instant. Since the time of travel for 

each of the carts is "identical, and- they travel at approximately ^ 
constant spefed after they separate, their relative speeds may be 
determined simply by measunng the distance each moves. Proceed 
as follows: ^ 

— ^T~Weasur^ th~e m^s^"^ " " ^ — ^ ^ - ^- - 

balance and record in the data chart. 

2 Tie the two carts together with a short string and with a long 
string (If the plungers canjbe cocked, do not cock them.) 

3 Burn the short string and measure the distance that each cart 
moves until it comes to the end of the long string. For help in making 
this measurerjjent, refer to the Suggestions and Techniques section 

RecorcJ the values in*the data chart. ^ ^'^ , y 
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^ SUGGESTIONS AND TECHNIQUES 




1 To measure the precise distance that^ cart travels, mark 
the point where one of the wheels touches-t'he table trefore the 
explosion. Near the position where the cart will stop, place a 
piece of white paper covered by^arbon paper, carbon side 
down. When th^ wheel rolls over the carbon paper it will make a 
track whicrt shows the farthest distance that the wheel traveled 
before it was stopped. The distance between the starting point 
and the end of the carbon track can be measured to the nearest 
millimeter. 

2. To obtain a clear impression of the wheel on the carbon 
papej, wrap a single strand of thin wire around the wheel and 
-secure it with a small piece of tape. The thinner the wire, the 
greater will be the pressure on the carbon paper. 

■ 3. Discount the rysulls uf any iriat In which two carts do 

\rTOt fly apart in a straight line. . 



4 If momentum is conserved. 
or m^6^ m2d2 



where mi. mi are the masses of the left- and right-hand carts, 
respectively 

vyl V2 are the respective speeds after separation 
. d2 are the respective distances each cart moves 
1^ t^, t2 are the respective travel times of each cart 



Since ti = f2, then mids. = m2d2. Consequently, the mass ratio 
mi/m2wj|| be inversely proportional to the distance ratio: 



rr? 1 _ d2 
m^- di 



Calculate the mass ratio and enter it on the data chart. Using your 
distance values, calculate the inverse distance ratio (ds/di) ancjenter 
it in the data chart. Theoretically the inverse distance ratio should be 
exactly equal to the mass ratio, but they will be found to differ 
somewhat because of experimental conditfons. Using the mass ratio 
as the standard, calculate the percent error and enter this valu e in the 
trottom rdvT. — ^ 



5. Change the mass i:atio by adding a weight on the'topof-one of 
the carts and secure it firmly with a rubber bAnd or string. Explode the 
carts and measure the distances. Enter the distance and mass data on 
the Chan and calculate the percentage error 

• • ) 

6. Change the mass ratio several additional times, recording the 

data in the chart together with the percentage error in each case. 
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EXPERIMENT 18. NEWTON'S THIRD LAW 

NAME- 



DATA 





TRIAL ^ 


1 


2 


3 


4 


5 


6 


7 


8 


Mass ot^ft-hand 
cart, AT? 7 = 


















(kg) 


















• Mass of right-hand 
cart, /7? 2 = 
(kg) 


I'lO 


'•ij 


/25 


2.30 










fDi/m2 


m 


1.01 














Distance left-hafid 
cart moves, d ^ = 
(m) 






osofc 


1.3b 










Distance right-hand 
cart moves, d2= Q 
(m) 


Ws 






O.M0 










da/di 


1.07 


1.05 


(■83 




1.22. 








Percent error ^ E = 


^•9 


2-^ 


85 


q-3 


5:2. 









RELATED QUESTIONS AND ACTIVITIES 

1. Analyze the experimental errors that occurred in each of the 
trials. If all of the errors were in the same direction, it indicates that 
there may^have been a systematic error in the equipment or 
experimental techniques. For e^mple, one of the carts may have had 
more friction than the other. Identify and account for ajiy such errors 

Data above does not indicate ihy systematic errors. 



2. If the spring-operated plungers are comoressed n)6}je or are 
compressed less during successive trials, it wiirvary the amount of 
force that is pushing the two carts apart. In theory, how should this 

affect the relative distance that each cart travels? 

The distances should not be affected at all. Th^ force would affect the time of 

travel but this is not measured in this experiment. 

4 «f » . 
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Some differences will be observed 
from trial to trial because of random 
errors In measurement and tech- 
nique. 



Prove your answer by setting up an experiment and recording the 
data below. 



Agairj, any differences in data are 
likely to be due to systematic or 
random errors rather than new 
discoveries in physics. Learning to 
recognize negative results migtxt be 
more Important than merely 
confirming knov/n theory. 



3. iVnmediately after the string has been burned, the force of the 
plunger pushes the two carts apart, causing them to accelerate untilj 
the plunger has been fully extended. For precise results, this shoi; 

dist ance ^should not be COnntft ri m mpac^nring thp <iktanroc that w 

Tahs traveled after the explosion. Devise and try an imf 
technique that would take this factor into account for the expend 
Record your idea and the experimental resplts below. 
Since the force on each plunger by the omer is identical during the 
accele ration, the acceleration ratio of thjs two carts will be inversely 




proportional to the mass ratio. Thus, stnce ttw ttmes for accelerated motion 
are identical, the distance ratio during the acceTB{;ation phase will be identical 

to the distance ratio after the forces cease to act Ttie instructions above are 
purposely vague to add interest to the exper/menf^"^^ 



4 Repeat the experiment using a linear air track, if one is 
available. Because the gliders rest on a cushion of air. there is 
negligible friction and it Ts possible to obtain more precise results 

DATA: 

A linear air track is one of the most useful pieces of apparatus for 

experimentation in the physics lab. Because there is little f notional resistance 

and no changes in angular momentum (due to rotating wheels), excellent 
1 — — - — 

results may be obtained. Students will soon find that apparatus with improved 

precision often presents a/Sditional problems, such as effects of air resistance 

and difficulties in making precise distance and time measurements, which did 
not appear when measurements were less precise. 
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EXPERIMEN|^#' CONSERVATION OF ENERQY IN A PEy<iDULUM 




NAME 



CLASS HOUR 



LAB PARTNERS- 



DATE 



PURPOSE 



Students working m groups of two 
"the- chaffe ngo of thto 

experiment. 



Mechanical energy may exist as potential (stored) energy or as 
kinetic (moving) energy. In this experiment conversions between 
these two forms of energy will be Investigated 



ENERGY IN A PENDULUM 

Displacing a pendulum to the side increases the gravitational 
potential energy of the earth-pendulum system by an amount given 
by the equation 



RE = mgh 



/ 



where: 



RE is the potential energy 

m is the mass 'of the pendulum 

g \% the acceleration of gravity 
(9.8 m/sec2) 

. h is the vertical height of the pendulum abol^ 
its original position. 

The potential energy is in joules if m is in kilograms, g is in m/sec^ 
and h is in meters. 

If the pendulum is displaced to the side and then released, it starts 
moving as it falls, and potential energy is converted to kinetic energy. 
The kinetic energy of the moving pendulum is given by the equation: 



APPARATUS PREPARATION 

1 drilled brass ball or a standard 

mass of -at least 200 g 
1 length of a string at least 0.5 m 

long 

1 ticker tape timer (Several types 
are available but tfie type illus- 
trated here is highly recommen- 
ded) 

1 meter stick 

1 stop watch or watch with sweep 

second hand 
approximately 8 m of ticker tape 



KE = '/2mv^ 



ERiC 



where: 

KE is the kinetic energy 

m is the mass Of the pendulum 

V is the speed of the pendulum 
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^ SUGGESTIONS AND TECHNIQUES ^ 

1, Use aVendulumlh^t is at Ifeast 0.5 meter long. 

2. When measuring the distanbe bfetween the pendulum 
bob and the top oMhe table, you may measure to any part of the 
pendulum bob, as long as the same part of the bob is used for 
each measiirement* 

' 3, To find the distance traveled in 10 dotjntervals, measure 
the distance between the first and last of 11 dots on the tape, 

4, You may wish to substitute a photographic strobe system 
'for the ticker tape-timer. Refer back to Experiment 7 on strobe 
techniques if necessary.' 



PROCEDURE 



f 




ERIC 



1. Measure. the mass of a pendulum bob and record jn the data 
chart. 

2. Calculate the period of a ticker tape time^^ by pulling the tape 
through for 3 seconds and counting the number of dots ttrat it n>ake§. 

3. Attach the end of the tape to the pendulum bob, as shown in 
the illustration. Measure the height that the pendulum bob is above ^ 

-the t able-when- the pePKlukim is^-ift-its- yeptiGa^ecjuilibr4umipo$itioa^ 



Displace the pendulum to one side until the vertical distance between 
the. pendulum and the table is 0.020 meter higher than it was at ttne 
equilibrium position. - , ^ " 

4. Start the timer and release the pendulum. When the pendulum 
has swung over to the other side and is just starting back down, stop 
the tim'er and examine the tape. j 

5, Calculate the maximum speed that the pendulum achieved 
during its swif>o by measuring the distance and calculating the time 
that is associated with thfe 10* longest consecutive dot intervals on 

7j76 , , , y 



EXPERIMENT 19: CONSERVATION OF ENERGY IN A PENDULUM 



NAME 



CUSS HOUR 



the paper. Becord the distance and time for the 10 dot intervals and 
speed calculation in ti^e^ttata chart. 

6. Using the speed calculated in the previous step, calculate tlie-^ 
maximum kinetic energy of Jhe pendulum using the relatlonshjp: 



KE = y2mv^ 

7. Repeat the above procedure, drawing the pendulum bob back 
farther so that it is 0.40 meter higher above the table than- it was in its 
equilibrium position. Repeat this for severahmore trials', increasing 
the vertical distance by 0.020 meter .for each tri^L 

DATA 

Timer Calibration 



TRIAL 


Total time (sec) T(t) 


No. of dots n 


Time intervalper dot (sec)t 


1 


5-0 


320 




2 


So 


387 




3 


5-0 


375 


0- 0133 



Mass of pendufum bob, m 



1.00 



kg 



TRIAL 


^ 1 


2 


3 


4 


5 


6 


Height of bob (h) 
above equilibrium 
position (meters) 


) 

OL020 


0.040 


0.060 


0.080 


0.100 


0 120 


Potential energy 
PE = mgh (joules) 


0.2O 






0-78 






Maximum distance 
traveled in 10 dot 
intervals (meters) S = 


0-Oj 






O.iM 






Time corresponding 
to 10 dot intervals 
(sec) t = 






0-\3) 


0-13 






Maximum speed, 
(m/sec) v'= 








I.I 


11 




Kinetic energy 
KE = (joules) 


OAS 








or\(o 




Percent error E = 




33»7. 


13X 




2Z7. 





The fact that the kinetic energy is 
roughly 25% under the potential en- 
ergy for each trial indicates that there 
IS a systematic error in the sample 
data. 



Re-analysis of the tapes by the stu- 
dent ifidieated that a W-dot interval 
with his apparatus was muqh^loo 
great and that distances between 
dots varied considerably within this . 
interval. 

Recalculations using a iime of .013 
sec and the largest distance between 
two successive dots on the tape 
reduced the error to less than 5% for 
each trial 
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RELATED dUESTIONS % 

1. Examine your data chart and note the similarities between the 
values for the potential and kinetic energies in each case. Explain why 
these two values should be.exactly equal, in theory. 

The kinetic energies are less than the respective potential energies in each 



trial. According to the law of conservation of energies, without losses the 



energies should be always equal. 



2. Calculate the p ercentagp prmr'for Parh trial hy Hiv}ding>44=\f>— 

difference between the potential and kinetic energy by the potential 
energy and expressing it as a percentage. Enter this in the bottom row 
of the data chart. ^ 

C&lculaViohs: 



/ 
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EXPERIMENT • ENERGY CHANGES ON A TILTED AIR TRACK 




NAME 



CLASS HOUR 



LAB PARTNERS 



DATE 



The linear air track offers an excellent opportunity to observe changes 
of mechanical energy because any losses due to frictlon^ are 
negligible. Because theoretical calculations and actual observatfbha 
can offer results which are practically Identical, you can make a game 
out of how close you can predict the distance a glider will move on a 
tilted air track 



PROCEDURE 



Ghder 




n Predicted distance -^Linear air track 




J ^Rubber band 




Students enjoy this experiment be- 
cause the corjfcepts are simple and iV\ 
provides a real challenge to perform 
precise measurements. 

Errors as high as 75% are likely • 
unless good laboratory techniques 
are used. 

APPARATUS PREPARATION 

linear air track 
glider 

rubber band launcher 
long, thin rubber band (or chain of\ — ^ 

smaller ones) 
meter stick 



The. air track illustrated here has an 
integral blower aT]he left end. Other 
models ^tiave separate blowers at- 
tached to the track by a hose. If the, 
Arack does not already have a rubber 
band launcher, one can be Impro- 
vised by using two ring stands as 
sh^^in the diagram. 



1. With, the air track horizontal, stretch a rubber band between 
two supports and allow a glider to rest against the rubber band in its 

__jBauiUbaum„position^s-^Gwr>-iF^-the-^ 

2. Calculate the potential energy that is stored in the rubber band 
when the glider is maved 1 centimeter from its equilibrium position 
into the rubber band. Because the forces exeiled by a stretched 
rubber band ^re not linear with the stretching distance, incorrect 
conclusions will be reached if you try to find the rubber band energy 
by multiplying the total force by the total stretching distance. It will be 
necessary tafincJ the energy in small steps and then add them to find 
the total potential energy necessary to stretch the rubber band 1.0 

" centimeter. To do this, follow the procedure given in steps 3 and 4 
belo\^ 
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Z. Tie one end of a light cord to the glider and p^ss the other end 
oyer a pulley to a hanging paper cup. Pl^e sand of gravel into'the 
^•cup until the glider cnoves into the rubber'band 0.1 centimeter from its 
equilibrium position. Weigh the cup and sand on a balance. Record 
the balance indication (which most likely will be in grams) in the data 
chart. Multiply grams x 0.001 for mass in kilograms. 

4. Increase the amount of sand or gravel in the cup in steps thaj 
will stretch the rubber band up to 1.0 centimeters m 0.1 centimeter 
steps. For each step, record the^weightof the^cupandsand inthedafa 
table. These data will be used to calculate the stored potential energy 
when the data is arialyzed later. ^ 

5. Raise one end of the track until it is sufficiently high so the 
glider will not reach the far end of the trackafter being shot out of the 
rubber band launcher stretched to 1 centimeter. Measure the angle of 
inclination of the track and record it on the data chart. 

6. Predict the maximum distance that the glider will^ffavel up the 
track after the rubber band is released. This can be done by equating 
the rubber band potential energy to the increase of gravitational 
potential energy (mg/7, where m is the glider mass, g is the 
acceleration due to gravity, and h Is the height the glider rises after 
the rubber band is released). 

7. Try this several times, changing the distance that the rubber 
band is stretched or changing the rtiass of the glider. 



DATA ANALYSIS 



1. Calculate the potential energy in the rubber band When the 
glider .stretches it 0.010 meter. One way to do this is to multiply the 
stretching force by 0.001 meter to find the vvork in joules to stretch the 
rubl?er band for4jie first millimeter Record this in the last column of . 
the data chart. For, each succeeding millimeter stretch, multiply the 
increase in force by 0.001 meter to find the extra potential energy in 

^i2yi^ ' . . ^ 

When this has been done for all lOmillimet^, add the energies 
in the last column to find the total energy. You might wish to check 
this value by plotting stretching force vs. distance,on a graph and 
then finding the total energy by measuring the area under the graph 
line. 

*** To save time, you might wish to enter only the data for 
columns A anrfB and then let your laboratory computercalculatathe 
total rubber band energy from these data. 
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EXPERIMENT 20. ENERGY CHANGES ON A TILTED. AIR TRACK 

NAME , " ' ' ' ' 



CLASS HOUR 



t 

Distance, 
(millimeters) 
d = ' 


Distaoce > 
(meters) 

s =v 


Mass of 
cup and 
sand 
in kilograms 
m = 


•Stretching 
Torce 

(newtons) 
F = -mg 


Potential 

^Energy 

(Joules) 


1 

Q 


.001 




xiz— 

* > 




2 


"002" 






* 


3 


003 








4 


•004 , , 


r 






5 


.005 

Q 




• 






.006 


• 




• 


7 


• i)OT- • 






» 


8 * 


.008 


— 7 — 


1 




9 y 

. hp. 


.009 


< 




» <» 




V 

.010 


1 " 






. Total potential energy ' 
' " ' . (Joules) . PE^ 


< 



Typical sample data for this chart is 
not given because of ihe vanenions 
experienced with individual rubber 
bands and tt^e non-linearity of their 
stretching forces. Look for repeat- 
able data 'W% among s0eral in- 
dependent trials. 



To avoid tngonorhetnc calculations, 
have students calculate the increasB 
in-height and then refer to the actual 
air track to find the distance along 
the track which corresponds to this 
charrge in height. 

- The average student is likely to be off 
by about 50% in his prediction of the 
distance along the track that the 
glider will travel. Ttwse large errors 
provide a real opportunity for stud- 

r ents to improve both theCr measur- 
ing techniques and the rubber band 
launcher. Accordmg to the sample 
data, It IS obvious that the launcher 
does not conform to Hooke's Law of 
the ideal spring 



2. Calculate the height to which the giider will rise using the rela- 
tionship h = pfi/mg, where . PE is the energy stored in the rubber band 
when stretched 1 centimeter, m is the mass of the glid^ in kilograms 
and g is the acceleration of gravity ( g = 9.8 m/sec). Enter this value in 
the chart below, v • ' . 

3. Calculate the distance along the track that the glider will cover 
;before coming to a stop. Do this by dividing the height, h, by the sine 

of the an^le of inclination, A. Enter this predicted distance in the 
chart. i ^ - . • 

4. Now, experimenl^to find the actual distance that the glider will 
mo.ve up the track after being launched from the rubber band 
stretc^hecfone jaj9p,t[meter, Enter this experfmental value in the chart 
and calculate the percentage prror between the predicted and the 
measured values. 





TRIAL 




1 


2 


3 




5 


Inclined 
Angle 
A = 


3° 




6° 






Rubber band 
energy, Fs . 
(joules) 


00008 










Glider mass 
(kg) m' = 


0250 


01^0 


OZ50 


OZSO 




Predicted heigjnt 
rise (meters) 
h = 


00003 




oootf 


6^06% 




Predicted 
distance ""(meters) 






0-35 


01b 




^d(P) = 










IT- 

Actual distance ^ 
meters d(A) = 




o\z 


02.5 






Percent .er/or 




17 


Ho. 




ir 
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RELATED QUESTIONS ArgD ACTIVITIES 

'1 How would the motion of the glider cljange if the tilt of the air 
track we^e increased? . - ^ 

rh^Vrcroase in height would be the same bjuuthe distance along the track 
would b§ less. 
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EXPERrtWIENT 20. ENERGY CHANGES ON A TILTED TRACK 



NAME 



CLASS HOUR 



2. Describe the changes that take place in the kinetk energy of 
the, glider from the time the rubber band is- release until the glider 
returns to the original release position. 

Upon hJease, the KE increases until the glider leaves the rubber band 
launcher As the ghder continues upi/he track, its KE decreases, becoming 
zero when the glider stops momentarily at the highest point As the glider 
returns, the KE increases until it reac hes the rubbe\band, then decreases to 
zero as the glider stretches the rubber band. 



If 
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3^ Describe the changes^in potential energy that take place from ' ' 

the ^e the rubber' band is released until the glider returns to the . \r 
original release position. 

The PE of the rubber band system decrease s upon release, and the 

• 

gravitational PE i ncrease^ as th^ylider goes up the tra£% During the return , 

— I 1 ^ ^ ^ ^ 

trip, the gravitational PE decreases, and the PE of the rubber band system 

increases when the' glider reaches the rubber band and stitches it 



4/ If you are especially successful in making accurate predict 
tions. record the specific techniques that you developed in stretching 
^ the rubber ban(^ in measuring distances, or in releasing the stretched 

rubber' band for consistent trials! . . z 

A compass (the kind used for making c ircles) was used as an aid in finding 

small differences in height along t he tilted Sr track This helpeptdeteci 
differences as srriall hs 1 mm 



• 
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EXPERIMENT* ^SIMPLE HARMONIC MOTION ON A LINEAR AIR TRACK 




NAME 



J . LAB PARTNERS- 



. CLASS HOUR 



DATE 



PURPOSE 

If an object supported by springs is started In motion, it wfll move 
back and forth In a periodic motion cailed simple harmonic motion. 
The period of the motion depends upon the mass of the object and 
the constants of the sprin^that support it. In this experiment, we 
shall investigate the relationships between the mass, the spring 
constants, and the resulting period of the system. 



PROCEDURE 



Spring K2 



Cord to adjust 
spring tension 




Glider 



Linear air track 



It IS suggested that students perform 
this experiment working in pairs. If 
there are nQt enough air tracks avail- 
able for everyone in the class, permit 
some Of the students to calibrate 
springs and others to do Part B of the 
experiment first. If at all possible, try 
to have every student assigned to an 
air track for al least part of the 
session. 

APPARATUS PREPARATION 

1 air track and 'blower* 

2 or more sprinps 

^ch spring should be stretch^ 
aBTS^om about 4 cm to 20 cm. 
without damage and have a 
spring constant of about 2>1sl/m 
(or 2000 dyneS/cm) Stiffer 
springs will work but oscillations 
wflhnot be sustained as long. 
1 length of string, about 1 m lon^ 
1 balance to rneasure mass of 

'glider and gl^er weights 
^ 1 meter stick (it air track is uncah 
ibrated) 

1 set of standard masses, 20 g to 
100 g, or 1 spring scale 



1 Measure the mass of a glider, place it cSma level linear air track, 
"and attach springs with known ^eprlng constants to each end of the 
glider as shown in the diagram. (If you do not know the spring 
constants, see Suggestions and Techniques ) 

2. With .the apparatus -arranged gs shown in the diagram, 
displace the glider along the track 5.0 centimeters from its equilibrium 
position. Release the glider and measure the time that is required for 
the gilder to make twenty complete oscillations back and forth 
Calculate the period of the glider b^di'viding the timeby the number 
of ^dilations. Increase the initial disRiacem'ent ofthe glider in steps 
of 5 cm and in each case calculate the resulting ascillaliion penod of 
the glider 

3. Add^Thown masses^* to the glider to incre^e its mass and, by 
ej^eriment, find the relationship between.the ma^ of the glider and 
its period 'of oscillation. 

4. -Change the tension on the springs by adjusting the length of 
the cord attached to the right post of the air track. The tension can be 
measured by using a spring scale or by attaching weights to 

. ' ■ • ■ 86 



If only 1 lab session is available for 
this experiment, it is not likely that 
any students can finish unless they 
are given springs that have been 
calibrated in advance * * 



•SUGGESTipNS AND TECHNIQUES 

1. Use lightweight springs that have small spring constants. 
Suitable springs, made especially for this purpose, are supplied 
by the manufacturers of air tracks as accessories. Since the 
mass of the springs is so low^ its effect on calculations may be 
neglected. 

2. To measure the spring constant of a spring, hang the 
spring from an overhead support and stretch it with known 
weights. As each.weigbt is add^, record its value in newtons- 
and the length of the spring in meters. Plot^ gTaph of your data 
showing-the stretching force (the weight) vs. the length of the 
spring, and connect the points with the best straight line. Select 
any Jtwp points on the line. The difference in the force 
-coofdinates of the points, divided by the difference in the length 
coordinates, is the spring constant in newtons per meter. 



the free end of the cord and hangVig them over the edge of the table 
with the aid of a pulley. Find the relationship between the tension and 
the period of oscillation. 

5. Substitute springs having different spring constants from 
those originally used. Find the relationship between the spring 
constant and the period of oscillation. 



DATA 



Variation of Period with Initial Displacement 



Sprfhg constant 
Spring constant 
Glider mass 

Initial tension of springs 



K(0 = N/Jn 

0210 
0.735 



F =. 



kg 

N 



trial' 


Initial 
displacement 
(meters) 

s = 


Total time 
(sec) 

t - 


No of oscillations 
n= / 


Period 
(sec) 
T - 


1 


0.05 


30 


20 


15 


2 


• 0. 10 


' do 


20 


k6 


3 


Q. 15 


30 


2a 


1-5 


4 










5 










6 










7 




ft7 
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EXPERIMENT 21. SIMPLE HARMONIC MOTION ON A LINEAR AIR TRACK 

NAME ' . ' CLASS HOURf 



Variation of Period with Mass 



Spring constant K(i) 

Spring constant • K(2) 

Initial tension of springs F = 

Initial displacemerrt ^ S = 



2.0 



v 



10 



0-735 



N/m 
N/m 
_ N 



O-IO 



m 



TRIAL 


Glider 
mass 


Total time 
(sec) 
t = 


No. of Oscillations 
n = 


> 

Period 
(sec) 
T = 




0. ZHQ 


. 30 


ZO 


1-5 


, 2 

* > 




■ '3b 


ZO 


, ;.8 


3 


^0.180 




• ZO 


■2./' 


4 


0. hOO 




ZO • * 




5 






4 





Variation of^ Period with Spring Tension 

0/0 K 



K(0 = 



Spring constant 
Spring constant 
Initial displacement 
Glider mass M = ^' kg 
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,,TfllAL 


Spring ^ 
tension' 

(N) 

F = 


Tot^l:time 
(sec) 
t = 


Wo. of oscillations 
n = 


Period 
(sec) 
' T = 


1. 


O 755 






\-5 


2 


0.588- 






1-5 


3 


0-H90 


30. 


^0 y 






0-3M3. 


, 30 




1-5 
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Variation of Period with Different Spring Constants 

Glider mass m = Q. Z^Q 

Initial tension of springs F = 

Initial displacement S = 



— kg 

0-73S M 



O'/O 



m 



Spring 
constant ki - 
(N/m) 


Spring 
constant k2- 
(N/m) 


Total time 

t = 


No of 

n^iPillJitinn*? 
n = 


Period 
(sec) 
T = 


2-0 


/ / / 






1-7 


20' 




30 


' ZO 


IS 


ZO 

— ' i— 


2 6 


Z8 


2,0 ■ 




Z-7 


2.0 


28 


ZO 




.A- 5 


2-7. . 




ZO . 


. i-3 



RELATED QUESTIONS AND ACTIVITIES 

1. As the ghder moves farther from its equilibrium position, what 
happens to each of the following'? • , ' 

The magnitude of ttie restoring force. S/nce the springs are' stretc hed 
and compressed more, the force mcreasei 

The speed The'potenttal energy increases at the expense of kinetic 
energy, sathe speed decreases 
2 What happens to the period of the glider as each of the 
following IS increased'? 



The initial disnlacement 



No change 



The glider mass. 



Period increases,. 



The spring tension. 



No change 



The spring constants 



PenSd decreases 
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3 On the air track, the theoretical relations between the period pf 
oscillation (T), tha^ass of the glider (m), and the spring constants {k i 
and /c?) IS giv^n by the equation 



J= 2 



Insert your measured values for Hie mass and spring co^tants in the 
above equation and compare the theoretical periods of vacillation with 
the experimental values you have obtained 

When ki was 2.0 N/rp, k? was 2,5 N/m, and m was 0.240 kg, the exfferimental 
period wag 1 4 sec, Tf^theoretical value is 1 5 sec The error is less tharf 7% . 



' EXPERIMENT • OSCILLATING MASS HANGING FROM A SPRING 




NAME 



^ LAB PARTNERS. 



CLASS HOUR 



DATE 



PURPOSE 

The period of oscillation of a mass, bouncing the bottom of a coiled 
spring is predicted from theoretical calculations and then is measured 
experimentally to compare results. 



PROCEDURE 



Weight suspended 
from spring 




APPARATUS PREPARATION 

1 set of standard masses 20 g to 

' 100^g"^ '^^ 

1 spring, with spring constant of 

about 2 N/m (or 2000 dynes/cm) 
1 ringstand with spring support 

and clamp 



1 Suspend a spring with a known spring constant from a ngid 
* overhead support. At the bottom of the spring, hang a known mass. 

2. Stretth the spring and release it so that the mass bounces up 
aud down. Fmd the period of oscillation by measuring the total time 
that It takes to make 1 0 or 20 bounces and then divide by the n umber of 
bounces to fihd the time for one oscillation. 

3 Calculate the theoretical period .using the equation: ^ 



vi^here 



i| 7 IS the period of oscillation in seconds ' ^ i 



m is the mass in kilograms*. 

k is the spring constant in newtons per meter^ Q Q 
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Compare the theoretical value obtained using th* equation with the 
experimental value and calculate the percentage error. 
4. Repeat steps 2 and 3 using heavier masses. 



) 



DATA 



TRIAL 


Mass 
(kg) 

m = 


Spring 
constant 
(N/m) 
K = 


Total 
time 
(sec) 
t = 


NO. OT 

bounces 
n = 


Experimental 
period 
(sec) 
T(E) = 


Predicted 
period 
(sec) 
T(P) 


Percent 
error 

E = 


1 


0 020 


2-0 


Mb 


. 20 






0 


2 


OOiO 


20 




ZO 


0-77 


0/'7 


,0 


3 


0-050 


20 


200 


20 


1-00 


].Q 


0 


4- 


&OW 


20 


2/8 


20 


lo^ 


M 


0 


5 


0'080 


20 


25.0 


20 




1-3 ■ 


0 



SUGGESTIONS AND TECHNIQUES 

^ 1. The best results are obtained using a spring with a small 
spring constant. 

2. A convenient way- to suspend the spring and mass is to 
clamp the base of a ring stand.to the edge of the laboratdiV table 
and suspend the ring over the edge. 

3. Make sure that the motion of th^ mass is vertical. 
Horizontal oscillations will cause errors. 

4. Avoidl using a mass that is so heavy that it distorts the 
spring beyond its elastic limit. 



, RELATED QUESTIONS AND ACTIVITI^ 

1 Unless the mass of your hanging weight is much larger than the 
mass of the spring, an error W^be encountered because part of the 
spnng is always bouncing along with the h^^ging nnass .Recalculate 
the theoretical period by taking this into account. /H^d one third the 
' - mass of the spring to the entire mass of the hanging weight to find the 
effective mass that is bouncing. Then recalculate the theoretical period 
of oscillation and comment on your results below. 
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EXPERIMENT 22. OSCILLATING MASS HANGING FROM A SPRING 



NAME 



CLASS HOUR 



2. N4.ake a stroboscopic photograph of thfifnass hanging from a 
spring during one half an oscillation. Analyse ^the phQtograph to 
determine the relative velocities of the mass during various portions of 
Hts travels. Summarize your analysis and paste the photograph in the 
space below 



Photograph 
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EXPERIMENT* 



MECHAMICAL RESONANCE 




NAME 



CLASS HOUR 



LAB PARTNERS 



DATE 



PURPOSE 

Two swinging or vibrating objects are said to be in mechanical 
resonance when the maximum amount of energy can be transferred 
from one to the other. In this experiment, we shall investigate how the 
amount of energy transferred depends upon the natural period or 
frequency of the two objects. 



PROCEDURE 











\ 

\ 


i) 








\ 



















It Is recommended that students do 
this exp^fimept working in pairs. 
Because all the equipment can be 
easily adapted from common, readily 
available materials, this experiment 
can also be done as a homework 
assignment. ^ 

APPARATUS PREPARATION 

For average or slow students, sus- 
pend two pendulums consisting of 
drilled brass balls or hooked weights 
(50 to 200 g) from a horizontal string 
fastened to a vertical support at each 
end. 

For above-average students, use the 
hacksaw blade suspension illustra- 
ted' at the left (unlike the horizontal 
string suspension, it causes reson- 
, ance when the pendulums are of 
unequal length) 

For superior students, have them try 

explain the Sirnilaritles and differ- 
ences in the ^results. 



1 Suspend- a weight from 'fei string attached to a horizontal 
hacksaw blade or a horizontal string. Measure the length of the 
pendulum— the distapce from the ppint of suspension to the center of 
•the weight— arid record it. 

2 Allow the pendulum to swing back and forth, apd»time several 
swings to determine fhe. natural period of the pendulum 

3 Suspend a second pendglum from th^ same horizontal support, 
making the second pendulum twice as long as the iirst pendulum. 
Displace'the first pendulum a known horizontaf distance and release it 
wh^ile the second one ,is hanging^still. As the first pendulum swings, 
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^s the 



£ CLcnqth pf pendulum 1^ 27.1 cm) 



12 
10 h 

8 

6 

41- 




O fO 20 30 40 50 

Lencjlh of pendulum 2 (cm) 



Sample graph is based on data for 
horizontal string 

DATA F^R HACKSAW BLADE 

Length of pendulum 1: 20.0 cm 
Initial displacement: 10.0 cm 



Length of 
pendulum 2 ■ 


1 Maximum 
hor. displ. 
. . (cm) 




30 




3-d 


2d 3 




zoo 


7-0 


190 . 


8-1 


(7'0 




1(^-3 




llpQ- 





SUGGESTIONS AND TECHNIQUES 

1 . Although the length of thefirst pendulum Is not important, 
25 centinneters will be a convenient length for most laboratory 
purpose. • , . 

2. For consistency of results, the first pend*ulum should be 
Started swinging from the same point each trial. -A marker 
attached taa pile of books or a ring staQd will be found usefultor 
this purpose. ^ 

^ 3. The horizontal displacement of the second pendulum 
ficm its equilibrium position may be measured by holding a meter 
stick near the pendulum. Another way to measure thisdistance is 
toTlluminate the pendulum with a high intensity lamp and observe 
the shadow of the pendulum on a piece of graph paper that is held 
vertically on the other side. With each swing of the pendulum, 
note the maxicnum displacement of the pendulum before it starts ^ 
swinging back. 



some of Its energy will be transferred through the overhead support to 
the second pendulum. As energy is supplied, the second pendulum will 
swing in &rcs of greater anigreater amplitude which reach a maximum 
J and then dimmish. Record the magnitude of the greatest horizontal 
displacement that is observed. 

4. Shorten the length of jthe second pendulum a little bit at a time 
until the second pendulum is approximately half the length of thefirst. 
For each new length record the maximum horizontal displacement of 
the second pe'ndulum as it receives energy from the first pendolum. 
The initial displacement of the first pendulum should be the same each 
time. On graph paper, plot the maximgm horizontal displacement of 
the second pendulum vs. the pendulum length. 



DATA 
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TRIAL 


Length of 
pendulum 1 
LI = 


Initial 
displacement 
SI = 


Length of 
pendulum 2 
L2 = 


Maximum horizontal 
' displacement 
S2 (max) = 


1 


Zi-larti 


lo-Sont 




i. 3 cnt 


2 


m cm 


10-8 cnt 






3 




10-8 aw; 


380cftt 


3 % tyyiy 


4 . 


'27.1 Cftt 








5 


211 tm 


10-8 cm 


ni m 


10-8 cim ^ 


6 


Z7.1 cnt 




23-1 cm 


6-3 cm. 


7 . 


ui m. 


(0,8 6tn/ 






8 


III cnt' 


10 -8 C.tH 


13.5 cnt 




9- 










, 10 










11 










12 











EXPERIIAENT 23. MECHANICAL RESONANCE 

NAME CLASS HOUR 



, RELATED QUESTIONS AND ACTIVITIES 

1. What is the relationship between the length of the first 
pendulum and the lengths of the second pendulum when maximum 
energy tranfer js produced? 

When the pendulums are suspended from a horizontal string, both pendulums 
are the same length for maximum energy transfer. When the pendulums are 

suspended from a hacksaw blade that is fixed at one end, maximum energy 
transfer occurs when the pendulum that is closer to the support is a bit longer 

than the other pendulu/n. 

2. Change the , length of the first pendulum and repeat the 
experiment to deferrtine the maximum amplitude of the second 
pendulum as energy- i^.VeceJved. State the conclusions that you can 
draw^^)m this observation. 

For maximum energy transfer, the length of the second pendulum must be 
increased or decr^asiSd in step with the first pendulum. 

— ' X ' 1 

3. With the second pendulum set for a length which will produce 
maximum energy transfer, allow it to swing by itself and record its 
period of vibration. 



How does thjs period compare with the period of the first pendulum? 
Its period of vibration is the same as the period of vibration of the first 

pendulum ^ 

4. Although maximum resonance should theoretically be; ob- 
served whw the two pendulums are the same length, you may have 
noticed that your results do not confirm th is. One major reason is that a 
length of the hacksaw blade is vibrating in addition to that of the string 
and the f^ndulum bob. Measure the distances between the fixed end of 
the hacksaw blade and the fJoints of suspension of each of the two 
pendulums and find the correction factors that must be added to the 
leng!f»s of each pendulum tcK^ccount for this error. 

Correction factor for pendulum 1 is + cm 

Correction factor for pendulum 2 is + cm t 

5. Set the length of pendulum 1 to 30.0 cm. Using your correction 
factors (item 4 above) predict the length of pendulum 2 that will give 
maximum resonance with pendulum 1. 



L(2) - 



. cm 



' 6. Experimefnt to confirm the prediction recorded in item 5 and 
^calculate the percent error if the predicted length and actual length of 
pendulum 2 differ when resonance occurs/ ^ 

% error = ^ 

95 ^5 ^ 



EXPERIMENT* 



SLIDING FRICTION 

* * 




NAME 



LAB PARTNERS 



CLASS HOUR: 



DATE 



RPOSE 

Friction retards motion when two objects are in contact. In ihis 
experiment we ahall learn how to measure f rictlonal forces and how to 
predict them. 

PROCEDURE 




It is recommended that students 
work m pairs for this experiment. A * 
considerable amount of work ccin 
also be given as a hom^ assignment 
if students are lent spring scales or if 
they are encouraged to make their 
own balances using the techniques 
learned in Experiment 3. 

APPARATUS PREPARATION 

level table 

1 board about 1 m long 

1 wood block (piece of a 2 by 4) 

1 bucket (small plastic food con- 
tainer or paper cup) 

1 cup of gravel (dr pebbles, lead 

✓ shot, or sand) 

1 pulley and clamp 

1 length of string (about 1 m long) 

1 set of weights to be added to the 
weight of the block 
' 1 spring scale 



* 1. Find the frictional force between two pieces of wood by placing 
a board on a horizontal table and pulling a small block over it using the 
apparatus arrangement showrf in the diagraen. To use this apparatus, 
add gravel slowly to the bucket until it is h^vy' enough to cause the 
block to slide at a tonstant velocity when it is started with a pu§h of the 
finger. Weigh the bucket and the gravel on a scale to find the force of 
. sliding friction (Ff)> 

2. Find the force whicff is pushing the twosurfaces together (Fn) 
t)y weigh ing the small wooden blocKTIf the surfaces are horizontal, the 
weight 6f the upper block is pushing the two blocks together but the 
weight o{ the lower piecb of wood is irrelevant. 

3. Calculate the coefficient of sliding friction (C) between the two 
suffaces using thd'rejationship ^ 



C = Fi/Fn 
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SUGGESTIONS AND TECHNIQUES 

1. The bucket which provides the force necessary to 
overcrbme friction should be light in weight. If sliding occDrs 
before any gravel is added to the oucket, substitute a lighteir 
bucket. • ^ 

2. The'cord which connects the block and thebucket should 
be strong jand light in weight^o thall its weight does not seriously^ 
affect the calculations. 

,3. Check that the block and the pulley are aligned so that the 
c^rd between them is horizontal, 

4. Surfaces are rarely unfform, and the block is likely to catch 
on rough spots as it is pulled horizontally. Several trials^ight be 
necessary to be sOire that the motion is most nearly uniform as the 
block encounters these rough spots. ^ 

V y 

4. Find the coefficient of friction by another techniqqe. With the 
cord and bu6ket disconnected from the apparatus, slo\A(ly tilt the lower 
piece of wood until the upper tlock slides downhill at a uniform speed 
when started moving. (See Figure A.) Measure the angle of tilt at v/hich 
this occurs. Draw a right triangle on a piece of graph paper with the 
angle of tilt as one of the angles of the tnangle Divide the length of the 
side opposite the angle of tilt by the length of the base. (See Figure B ) 
n[he result of this division is the tangent of the inclination angle and is 
ecfual to the coefficient of friction. 




Figure A 



Side opposite 
angle pf tilt. 



, Angle of tilt 




5, Repeat the above procedure using different surfaces, such as 
leather on metal, metal onj metal, and rubber on concrete. ^ 
- -98 gM, 



EXPERIMENT 24. SLIDING FRICTION 

NAME 



CLASS HOUR 



DATA 



J 

TRIAL 
s 


Type of 
surfaces 


Weight of bucket 

Q T\ n n r Q \y o 1 

onu yrovcit 
(N) 
•F, 


Weight of 
block. 
(N) ' 
Fn 


Coefficient 
of friction. 
C -- Ff/FN 


Angle 
of ' 
tilt 

A = 


Coefficient of 
frictiOA from angle 
of tilt diagram 
C 


1 


wood 


0-52. 






\r 


» — 

0-31 


2 


II 








w 


0-31 


3 


w 


OlS 










4 








0-2^ • 






5 














\ 








' r 




















8 















newton .seated are nof available, 
students can measurp masses in 
granDs and use th^ ^ approximation 
that a ^-g mass weighs 0,01 N. 
Although this approximation has a 
2% error, the 'error cancels out when 
the' ratio of two weights is found. 



, RELATED QUESTIONS AND SUGGESTED ACTIVITIES 

1. Predict how the force of friction will be affected if the area of 
contact is ceduced by having the block slide on one of its narrow edges 
. instead of on its wid€<tace. 

It should not make any difference. 



li actually did make a difference. An 

Try It and record your results. 

additional 0.05N was needed for the horizontal force with the block on an 
edge. Perhaps the sicfe of the block was not as smooth as the face.. 



• 2. How would the motion of the block be affected if the cord that 
IS pulling it Is not horizontal? ^ 

The angle between the cord and the direction of motion increases as the 
block approaches the pulley. This reduces the amount of force which pujis 

^^^^ ^ ^ ] ^ ^ 

the block forward. With less force, the block slows down and stops. 

Tr^ itand record your observations. -This effect wa^ahserve^^ 



' 3. In the fourth step, the lower piece of wood was tilted until the 
block just started sliding down the incline. Then the coefficient of 
friction was found by measuring two sides of a triangle, Expl-ain why 
dividing the lengths of two sides of a triangle gives the same result as 
dividing the force of friction by the perpendicular force. ' 

The coefficient of friction remains the same, whetheirthe block and board are 

^ . > ■ — 

horizontal or*tilted together. When they are tilted and the we ight of the block 

can lust barely overcome the force of sliding friction, the triangle formed by 

the weight vector, the component overcoming friction, and the component 

^pushing the surfaces together is^similar to the triangle in Fig B, so the rajio of 

corresponding sides is the same 

4 Why IS It necessary to start the block-moving with a smaJJ push 
* > - for each triaP 

Th^re )s a static friction force between the stationary surfaces that is greater 
than the force of sliding friction be t wee fh^^ame- surfaces 



UJei^ht 




1/ 



/ " ^cf weight- 



' 5. Find the coefficient of friction for other materials and compare 
your results with those fouYid m reference books 

Point out that experimental results seldom agree with thqse in reference 
books because of many variables which ace difficult to control Some of these 



are the variety of the material, the smoothness, humidity conditions, and dust 



6. Find the coefficient of friction between two pieces of metal 
when they are dry and when they are lubricated with different kinds of-^ 
motor oil and-6il additives 

Oil additives will be found to make a considerable difference in the coefficient 
of friction between two^metals This extension of the experiment is highly 



motiva.ting and makes an excellent homework assignment 
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EXPERIMENT • * BOYLE'S LAW 




, CLASS HOUR 



LAB PARTNERS 



Ate 



ERIC 



PURPOSE 

If na external forces are applied to a free gas, the gas will expand 
continuously until its volume becomes injinite. When pressure is 
applied, however, the volume of gas will be limited to a finite value and 
a simple expression may be found to relate the pressure and volume if 
the temperature Is held constant This relationship, known as Boyie's 
Law, will be investigated in this experiment 



PROCEDURE 



Load 
harness 



Syringe 



This expenment can 'be ^ done by 
students working as individuals or m 
patrs, but preferably not in. larger 
^^foups. 

The apparatus is very easy {o mamp- 
uiaie and obtaining data' presents no 
pro^m. Tfie major difficulty that 
will be experienced is the^t of data 
processing. To obtain meaningful 
results in convientional ^KS units 
requires that more tharTAQ multi-^^ 
plication and long division problems 
be solveo^ Smce hand calculations 
will dtscourage all but the most 
dedicated studenis. ' it is strongly 
recommended that students use 
slide rules or electronic calculators. 



APPARATUS' PREh^ATION 

-7 Boyle's Law apparatus, plastic 
syringe type 
1 ringHand and^ clamf) 
1 set standard tnasses 

(total mass 5 kg or less) 



Several different types of Boyle's 
Law apparatus are available from 
scientific supply^ companies. The 
plastic syringe type, which was de- 
veloped by Harvard Project Physics, 
IS preferred tecause it is inexpen- 
sive, easy to manipulate, and does 
not. contain mercury. The potential 
dangers o1 rtfercury poisoning are 
pref^ent v^heri* inevitable spills permit 
the mercury to coniaQi the^ s^in^ 



1 Mount a plastic syringe on a ring st^d as shown in the diagranrr. 
Trap some air in the syringe by placing the pfston in the cylinder and 
sealing off 'the lower end. The pressure on the trapped air is ^e 
barometric pressure plus the pressure that is ^xerted by the weight of 
the piston. ^> . ' 

2. Calculate the pressure exerted by the piston by dividing its 
weight (in newtons) by the cross-sectional area of the piston face (in " 
m^). If the weight of the piston is not kn^n, it can be found with a 
balance. To find the area A of the piston face» measare its radius r, and 
use the equation >4 = rrr^ ' 1 0 0 
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SUGGESTIONS AND TECHNIQUES , 

1. If the piston seems \ope stuck, give it a slight twist. 

2. It is important that the temperature of the trapped air be 
kept constant during the experiment. If th'fe experiment is 
prolonged, check the temperature in the laboratory at intervals to 
be sure that it has not changed. Be cardf ul not to warm the syringe 
b)i, touching it unnecessarily with yourhands. Also, be careful to 
make any pressure changes gradually. Rapid changes of 
pressure cause sudden temperature jumps whiofTtjive undesired 
results. 



3. The atmospheric pressure Pain unij^ of N/m^may be found by \ 
using the equation ♦ , ^ . 



// a barometer /s not available, the air 
pressure may be considered to be 
'normal'iM^ 7G0 m of mbiuuiy . . 

The value that should be entered 
under "piston mass" is the mass of 
the piston plus the mass of any 
additional weights that are added to 
the piston. 

The total pressure is the sum of the 
pressure caused by the weigl^ of the 
piston plus the atmospheric pres- 
sure. 



ERLC 



Pa-hdg 

. \ 

whiere: ^ 

^ h is the height of mercury in a barometer in meters 

d is the density of mercury (1,35 X 10^ kg/m^) 

g IS the acceleration du^ to gravity (9.8 m/sec^) 

4. Add known weights to the piston one at a time and record Ihe 
pressure and the volume of the trapped air as each weight is added. 

5. If the apparatus permits, turn the syringe upside down so that 
the weight of the piston will tend to reduce the effects of the' 
atmospheric pressure on the trapped air. Record additional pressure- 
volume data witTi the apparatus in this position** 

DATA . w 

Radius of piston, r - i;jLjri/lgnrn Area of piston (nr^) A = m^ 



Height of mercur/ ' I 00/^^ 
in barometer fi - O'^ioQ Barometric l^jressure Pa= N/m^ 





Piston 
mass 
(kg) 

m = 


« 






Volume 






TRIAL 
i — 1 


Piston 
weight 
(N) 

^ = mg 


Pressure 
exerted 
by piston 
(N/m') I 

Cvllo«V 

p = w 

A 


Total 
pressure 
(N/m'j 

p. = p,* p 


(cc or 
ml) 

V = 


V = 


Inverse 
Volume 

(m ') 

1/v - 


Pressure 
times 

volume 
(N-n^ 

PtV - 


1 


o./o 


098 


ooz^ 


102, 










2 


010 


20 


0-0^8 


105 


33.8 






3-55 


3 ^ 


0.30 


2..q 


0-070 


1'07 




5i.^ 




3.5-? 


4 


O.bO 








^1 8 






3'I/»Z 


5 


0.80 


7-8 


■o./q 


/■iq 




31-3 


3-1^ 






1.10 


II ' 














7 


l.bO 


lb 


038 




Vol 


2(0-7 






8 


2.(0 


20 . 


0.^8 












9 


3-10 


30 


073 




10.1 


ZO-7 




3.S$ 



) 



102 



101 



EXPERIM^'T 25. BOYLE'S L^W 



NAME 



CLASS HOUR 



RELATED QUESTIONS AND ACTIVITIES 

1. Make a graph of volume vs. pressure. Plot the djata points and ^ 
draw a smooth curve connecting the points. Examine the graph and 
try to find a mathematical retetlonship between the pressure and 
volume. How does the volume Change a$ the pressure is increased^ 

As the pressure increases, the volume decreases in some sort of inverse 



relationship. If tf)4 graph is extrapolated to 'a pressure of 2.0 x 10^ N/m^, it pan ^ 



^ be ^een that the volume of enclosed air is approximately half what it was for a 
pressure of tO x 10^ N/m^ ' 1 

^ ' 2. For each volume that was recorded in the data table, calculate 
i'ts inverse (1/V) and entef these values in the data table. Then draw a 
graph of 1/V vs'. pressure. When the points have been plot]fcd, it 
should be possible to connect them with a straight line Any > 
deviations from a straight Jme relationship wer? probably caused by 
systematic^experimental errors in opferatmp the apparatus If this is 
indicated on your graph, analyze your procedure carefully, and try to 
pinpoint your sources of error 

According to the graph, the errors appear to bejandom They were probably 



•I 




lO 



15 20 
Pressure fx iO^ W/m2)j 



60h 





50 














o 






30 










20 






i 






10 








OO 




i \ i \ \ \ I I I L 



earned t^y-'iOfnf^ <ihght siticking of the pisjon^as weighjs_were added 



M> X5 _ 2.0_ 



3. If possible,^fiii your syringe with a gas other ^hen air and repeat 
the Boyle's Law experiment exactly as 'you did it the first time^. 
Compare the results with those obtained for air and account for any 
differences that are observed. 



The particular apparatus used could not easily i 

— '— ••■ " sr - 

y 

air 



If a student is especially interested in 
trying tfiis experiment with different 
gases in the syringe, challenge him 
or her to adapt the apparatus so th^t 
the gas can be inserted and removed 
with attached tubes and valves. 



filled with a gas other than 
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4^ For each trial, the product of pressure times volume should be 
a constant. Calculate this PV constant and enter values in the last 
column of the data chart. lExplain any deviations from trial to trial. 

Jhe values of the PV constant averaged 3,60 Af-m and ranged from 3.49 to 3J2 ' 
N-m. The variations appeared to be random w ithout any special pattern that 
could be easily identified. - * ' ' 



^ — V 
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EXPERIMENT • CALIBRATING A MgRCURY jHfeRMOMETER 




NAME 



L^B PARTNERS , 



CLASS HOUR 



DATE 



pOrpose * 

This experiment can be done with 

An unmarked mercury thermometer will be callbr^d and then used * students wdrkmg^m pairs but it is 
as an Instrument to measure temperatures. ' . advisable for each student to do his 

calibratroff^^ independently. 



PROCEDURE 




Folded card 



Ci3 



Unmarked thermometer 



Cellulose tape 




APPARATUS PREPARATION 

1 uncalibrated thermometer, Win- 
ches or longer ^"--^ 

1 piece of oak tag. approximately 
3 inches wide and as long as the 

thermometer 
' cellulose tape (about 3 cm) 

2 beakers 

/ ice waiei^fuse ice cubes or cruH^ed 
ice) 
boiling water 
1 metric ruler 

1 accurately calibrated thermom- 
eter for the class to check results 



1. Mount a blank card behind an unmarkedBercury thermo- 
meter, as shown in the diagram. Use a piece of tr^^arent cellulose'^ 
tape to hold^the apparatus firmly together. 

2, Irhmerse the*' thermometer bulb in a container of ice water. 
WheR the mercury has reached a level that does not change after a 
few seconds, mark this level on the card and label it 0^ C. This is one 
of the fixed points of the thermometer. 

'3. Rehiove ttie thermometer from the ice water and hold the bulb 
Just above the surface of a container in which water is vigorously 
boiling. The mercury level will rise, and after a few seconds it will 
"stabilize. Mark the new level on the thermometer card and labdhit 
100^ C. This is the second fixed point of the thermorfieter. 



fncalibrated therrDometers may be 
purchased frOm scientific supply 
companies or can be ordered directly 
from thermometer manufacturers. 4 
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SUGGg'STIONS AND TECHNIQUES . 

* 1. For thabest results, usean ice-water mixture in which the 
ice and water are both pure (distilled or deipnized). Before 
immersing the thermometer, stir the mixtu re to prevent any warnr^ 
spots. The boiling watef^hould aisp be purB for beBt results. * 

2. The thermometer may be jostled around if it is immersed 
in the boiling water, and it may be hard to read. Holding the bulb 
just above the surface of the boiling\vater avoids this difficulty. 

3. Check a barometer if one is available on the day this 
experiment is being performed. If the air pressure is high (above 
760 mm of mercury) the water will boil at a temperature higher 
than 100° C. If the air pressure is below 760 mm of mercury, the 
reverse will be true. 



4. Measure the distance between the two fixed points on the 
thermometer card in millimeters. Plot the two fixed points on a graph 
which has the distance in millimeters along the vertical axis and the 
temperature in °C along the horizontal axis. Draw/ a straight line 
between fixed points on the graph \ 

5. Place the thermometer on a table for a few nr^jfiutes unti$ it 
reaches room temperature. Measure-the distance of the mercury level 
from the zero point on the thermometer card, and using the graph, find 
the corresponding temperature. Check this value with a standard room 
thermometer ^nd determine the error in degrees. 

6. Measure the temperatur^f tap water coming fro>rf1ihe faucet 
using bothyourthermometer and a standard thermometer Enter these 
data in the chart and calculate the error in degrees. 

7. Measure the temperatures of other objects in the laboratory 
using both thermometers and record your data in the chart. 



DATA 



Trial 


Object 


Te"mper 
Standard. 

..T(S)= 


ature, Degrees 
Experimental 


Celsius 
Error 
E = 


1 


Room Temperature 


ZI.3 




0.7% 


2 


Tap water 




/n.i 


3-0- 


3 


Air Oatdoors 


2b5 


no ' 




4 






— •* 




•5 
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EXPERIMENT. 26. CALIBRATINq A MERCURY THERMOMETER 

NAME . ' V / ' ' CLASS HOUR 



RELAT^p QUESTIONS AND SUGGESTED ACTIVITIES 

1. Using the same unmarked thermometer, calibrate it with a 
fahrenheit scale calling the f ixed^oint for ice water 32 F and the fixed 
point for bailing water 212 F. Divide th^ distanjpe between these two 
fixed points into 180 Fahrenheit degrees. Try measuring the tempera- 
tures of thgsameobjects as before but use the Fahrenheit scafe. Record 
your results. 



Object 


Standard 


Experimental 


Error 

• 


Room Temperature 


• nif 




■ 0-8% 


Tap Water 


U-5 




\M7o'- 


Air Outdooj-s 


n6 


80.SF. 


1 r/o 



2. A poorly calibrated thermometer with a Fahrenheit scale will 
always have a greater number of degrees error than the same 
thermometer with a Celsius scale even if the sarK^care is taken when 
calibrating the thermometer. - ^ 

^ 

Explain why this must be true » : 

Degrees on the Fahrenheit scale are only 5/9 as l^rge as those on the Celsius 

scale, . ^ 

3. ine very act of measuring usually affects ^the item being 
measured. In this experiment, how did your thermometer^ffecMhe 
temperature of the liquids being measured? 

The thermometer warmed the cold water but did not affect the boiling 

water. 



4. What is one improvement that you could incorporate into -a 
thermometer thafV/ould minimize its tendency to' change the 
temp^rature of the object being measured? 

Reduce the mass of the thermometer probe, * 



T 
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5. Make and caliijrate aVlifferent type of thermometer . from those 
constructed in this experiment. One type that'yqu mig'ht^try is a 
thermistor thermometer, which can be assembled by connecting a 
thermistor and an. ammeter in series with a dry cell. The ammeter 
measures -the amount of electric current in the circuit. As the 
tj^mperature of the thermistor 'changes, the current varies. Calibrajfe 
thethermistor by placing it in ice water and then in steam and record 
the ammeter readings at these two fixed points. Some experimentation^ 
will be required to determine the correct range for the ammeter and the 
voltage of the battery that is used. 



. 7 



r 



• 



T 
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EXPERIMENT • LINEAR EkPANSION OF A SOLID 




NAME. 



CLASS HOUR 



LAB PARTNERS 



DATE 



PURPOSE 

As the temperature of most solids Is increased, there is a predictable 
Increase in length which can be used to measure temperatures. In this 
experiment, several soli ds will be investigated for these properties and 
the coefficients of linear expansion will be determined. 



PROCEDURE 



J) 




APPARATUS PREPARATION 

coefficient'Of-linear-expansion ap- 
paratus 

'funnel and rubber tubing 
ice water 
steam gqperator 
Bunsen burner 

container to catch condensed 
steam 

2 ringstand3 and clamps 
1 metsr stick 

1 accurately calibrated thermom- 
eter for the class to check results 



er|c 



SUGGESTIONS AND TECHNIQUES 

1. Before doing any experiments, make sure that the knife 
edge of the anchor is in the groove scribed about one end of the 
pipe. % 

2. If the indicator does not move as the- pipe expands and 
contracts, check to be sure that the pointer is free to rotateand is 
not jammed againsi the face of the protractor scale. 

3. Clamp thd rubber tubing to a ring stand or other firm 
support to be sure that it does not move while the funnel or the 
steam generator is inserted. 

4. Put a small amount of hot water in the steam gerlerator so 
that it will boil quickly. Do not boil the water until the genera^fer 
has been connected to the Apparatus. Connecting a steaming 
generator to the apparatus may be hazardous. 
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Distance rod'travelech- 3.00 crv 

Angle Jhdicator rotated ^ ' ' 

1730 degrees 

pistar)ce per degree 
= 3.00 cm 
1730 deqrees 

= 1.73 X 10'^/cm/deg 



^^ With the Apparatus s0t up as shown in the diagram, move the 
.anchor and. the horizontal tube slowly to th^left Q distance of 3 
centimeters and record the total nujrrber pf degrees! thYough which 
• the mdicaror rot.ates as the anchor is b^ing moved. (Remember that , 
each cqmplete^ circle- is 360 degrees.) Divide the 3-centimeter 
distance by the number of degrees* to find the linear distance that is 
associated with one degree of indicator rolfetion. 

2. Adjust the apparatus so that the distance between the anchor 
and the indicator at^Wie other end of the pipe is exgctiV-4 meter and 
note the posimpn of the indicator. Pour between 1 and 2 liters of i^e 
water into the funnel at th6 anchored end of the pipe. As water comes 
out the other end, catch it in a container or ?illow it to go down a sink. 
As the ice water goes through the pipe, the pipe will contract in 
ength. Record the position of the indicator at its greatest displace- 

— ^ent from its original position. : 

3. Carefully remove- the funnel, and connectthe free end of the 
^rubber tube to a steam gener^or. Boil the water in the steam 
generator ahd note the position of greatest displacement of the 
indicator when stearin* has gone through the pipe for one or two 

^minutes.' 

4. Using the ice water and the steam positions of the indicator at 
0° C and 1Q0^ C respectively, calculate th^ temperature increase 
associated with each degree of Indicator rotation Without jarring the 
apparatus, remove the steam generator and aTlow.the. pipe to come to 
rootrUenhperature. This should take about 10 minutes. Using the data 
that have been recorded, determine the rodjn temperature and check 
this with a standard thermoTneter- 



CATA 



Ik 


% 






TRIAL 


.-' 






1 


2 


3 


* 


Pipejnaterial 








Local room temperature will prob- 
ably change in ^e laboratory as 
steam generators are operated. . ^ 


Indicator position 
initial 


X(0). 










with ice water in pipe 
I- 


_X(i) 










with steam in pipe 


X(s) 










Room temperature 












from data 


t(exp) 


Zi.Sc 






*< 


from standard thermometer t = 










Error in degrees * 


E = 









EXPERIMENT 27. LINEAR EXPANSION OF A SOLID 

•NAME 



CLASS HOUR 



RELATED QUESTtdNS Al^ SUGGESTED ACTIVITIES 



•1. Using the data collected calculate the coelficient of linear 

expansion of the metal pipe. This may be done using the equation, ^or T = IOQPC, the indicator rotates 

' ^ ' from 70 to 142P, or 135^. This cor- 

y ' ^ responds to a change in length of 

a = M y/ bAT ' ' • (125 degj'X {1.73 x 10'^cm/deg), or 

where: a is the. coefficient of Hnear expansion of the metal 
(measured in centimeters per per centimeter 
length) 



0 234 cm 



A? is the change in length of thq pipe as it is heated 
(measured in centimeters) 

is the original length of the pipe (100 centimeters 
in this experiment) 

i 

AT is the change in temperature corresponding to tKe 
• chang^ in length A? (measured in ^C) 

If the material which makes up the pipe in the apparatus is 
known/ check its coefficient of linear expansion in a reference bo'ok 
and compare it wjth your results. 





* TRIAL ^ 


1 


2 


3 


l^ame of material N = 


fti 




■> 


Experimental 

coef. of EXP a(exp) = 


2.^H«io*^ 




t . 


Book value a(std) = 








Percent error E = 









2. If other metals or materials are available for use with the 
apparatus, try them, using the same procedure, and record your 
result^ / 

J 



(100 err)} (lOO^C) 
= 2.34 X 10 -y^^C 



Other handbook values are: 
Brass: 1.9 x 10 -^PC 

Glass: 8.3 x 10'V^C 

Iron:^ 1^1 x 10W<^C 
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EXPERIMENT* CALORtMETRY 




NAME 



CLASS HOUR 



LAB PARTNERS 



DATE 



ERIC 



PURPOSE 

Each material has a characteristic specific heat capacity which can be 
used to predict Its temperatufe Increase as heat Is supplied to It. In 
this experiment the specific hea<capacltles of several common 
materials will be investigated. 



PROCEDURE 




Cover made from lower 
half of a Styrofpam cup 

Thermometer 



Styrofoam cup 



Cold water 



Hot brass 



1. Fill a Styrofoam cup half full of cold tap water., 

2. Find the mass of the water in the cup and record this in the 
data chart. 

'3. Heat a 50-g brass'weight for a few mii^iutes in boiling water or 
steam. 

4. Measure the temperature of the cold t^p water and the 
temperature of the boiling water or steam and enter these values in 
the data chart. 

5. Remove the brass weighj from the boiling water or steam, 
shake it to remove any drops of water which might cling to It, and 
quickly but carefully lower it into the cold tap water. The hot brass 
weight will make the water warmer. When a thermometer indicates 
that the^ temperature has stopped rising and has reached an 
equilibrium value, record the temperature in the data chart.- 
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It IS much better for students to do 
; this experiment working in pairs than 
as individuals. the apparatus is 
relatively inexpensive, no more than 
two students need work on each set- 

♦ 

APPARATUS PREPARATION 

2 Styrofoam cups 

thermometer 
liriple beam balance ^ 

specimens of aluminum, copper, 
iron, and other^ metals * 
steam generator ^ 
Bunsen burner 



Styrofoam cups are much less ex- 
pensive than double-wall aluminum 
' calorimeters (less ^ than 5^ versus 
over $5.00). Furthermore, because 
the Styrbfoam has a negli^ble mass 
and an infinitesimal heat capacity, it 
does not have to be considerecTTn 
heat exchange calculations. Student 
results are usually better with the 
Styrofoam cups because there is Ies3 
likelihood of calculation errors in the 
data processing. 



If^we assume that noputside heat sources entered into the reaction, 
the amount of fieatthat was given off by the bras^ should be exactly 
equal to the amount^ heat received, by the water. Thus, 

IVwCw ATw - nibCbATb. ^ ' 

Solve 'for Cb, the specific heat capacity of brass, using the above 
equatidn ai^ recofd this value in the data chart. 

7. Repel^he above experiment, using different brass weights 
and dfftererit l|uantities of water: In each case, calculate the specific 
heatxapacity of brass/ 

8. Substiiufe other materials for the brass, such as aluminum, 
iron, and lead-. In.each case compare your results with the standard 
values giv^n in a. reference book, and calculate the percentage error. 

DATA y 







TRIAL 






1 

t 


2 


3 


4 


Mass^ of styrofoam cup-(g) m(s) 




50 


5.0 


5.0 




Maps of Clip and .. 

water, (g) m(s) + m(w) 










a> 

CO 


Mass of*water (g) ' fTi(w) 


m.6 






mi 




Initial temperature (°C) T(w) 




Zh 




zs 


To 


■Mass(g) , m(b) 






^3-3 


ISO 




Initial temperature (°C) T(b) 


loo 


/oo 


loo 


100 


Temperature of mixture (°C) T 

^ ' 


2.1c' 






Z7 


Specific -heat capacity of melal 
(calories/g-oC) C 


OOll 




Olo 


oziS 


Standard value (calories/g«^C) 

C = 






\ 0- n 




Percent error E = 




10% 







/ . ■ ^ 

RELATED QUESTIONS AND ACTIVITIES 

1. Compare the specific heat capacity of water with thpse of the 
various metals which were investigated in this experiment. 



' The specific heat capacity of water is between five and ten times higher than 
that of any of the materials tested. - 



uz. 
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EXPERIMENT 28. CALORIME-FRY.. 

NAME 



2. Take a hot piece oisneXal of known specific heat capacity and 
a known quantity of cold water. N/teasur.e the temperatures of each 
and predict the t^mpeieattire of the mixture when they 'are placed 
together. Check your predictions by experiment. 

* }f the predictions and results obtained by each of the stupents are recorded 
and posted, students are motivated by the ^competition,^ and the class can 

6 ^ 

aneffyze the techniques which produced the best predictions. 

. 3. How could an experiment like this have led early scientists to 
believe JJiat h^at was an invisible substance called caloric? 

When a hot metal ^ives up heat to cold water, making the water hot, it appears 



as if the heat is a real substance entering and leaving materials. 
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EXPERIMENT* CHANGE OF STATE 




NAME 



LAB PARTNERS 



DATE 



^PURPOSE 

Energy is required to change the state of water from a solid to a liquid 
or from a liquid to a gas. The amount of energy per gram needed to 
melt a solid at its melting point is called the heat of fusion and the 
amount of energy per gram needed to boil a liquid at its boiling point 
is called the heat of vaporization. The heats of fusion and vaporization 
for water wiU be measured in this experiment. 



A. HEAT OF FUSION 



PROCEDURE 




Cover 

Tliermometer 
Styrofoam cup 

Water 



Since It IS not likely that the entire 
experiment can be completed 'by a 
pair of students during' a regular 
laboratory session, you might wish to 
have the students work in groups of 
four, With one pair finding the heat of 
fusion while the other finds the heat 
of vaporization. The concepts that 
underlie each of these two exercises 
are very similar and it might be better 
to have each student repeat his 
experiment several times to refine 
techniques ^d procedures rather 
than do both halves of the experi- 
ment himself 

APPARATUS PREPARATION 

'2 Styrofoam cups ^ 
1 thermometer 
1 triple beam balance 
ice cubes or chunks of ice 



The heat of fusion of water is found by placing a melting ice cube 
in a cup of warm water and allowing itio melt completely Then the 
water from the melted ice is mixed^with the warm water until an 
^ equilibrium temperature has been reached. The heat of fusion of ice is 

calculated f;pm measurements of the masses of the ice and warm 
water and their respective initial and final temperatures. 

1. Po^jp^ about 200 grams of hot water (30^C to 40^C) into a 
Styrofoam cup. Record the mass of tfie water and its temperature m 
Q the data chart. 
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^ SUGGESTIONS AND TECHNIQUES 

1. Hot water from a faucet may be used if it is available. If 
not, prepare the hot water by heating it in the laboratory. 

2. An ice cube or a large chunk of ice is preferable to 
crushed ice because it is easier to remove all of the surface water 
with a towel at the beginning of the experiment. 

3. The ice should be melting^ to insure that it is at'O^C. If it 
were not melting, it might be below 0^ and you would have to 
account for the heat needed to bring it up to O^Cr 

4. Measure the temperature of the warm water just before 
the ice is dropped ia If it is measured too far in advance, there is 
a possibility that it may have cooled somewhat befoTe the 
experiment ^starts. 

5. To further minimize conduction between the water in the 
- cup and the laboratoijt add extra insulation by using two or 

three StyrOfoam cups, one inside the other. 



2. Take a meltihg ice cube and dry its surface thoroughly, using 
cloth or paper towels. Before it ^as had a chance to melt again, drop 
the ice into the Styrofoam cup with the warm water. 

3. Put a cover on the Styrofoam cup to minimize any heat 
exchanges with the air in the laboratory. Then, with the aid of a long 
thermometer which extends through a small hole in the cover, gently 
stir the raixture until the ice melts completely and the water inside the 
cup reaches an equilibrium temperature. Record this equilibrium 
temperature in the data chart. 

' 4. Find the mass of ice which was originally put into the cup. This 
can be done by comparing the mass of water in the cup at the end of 
the expenment with the' mass that was recorded before the ice was 
dropped in. ' i ^ 

^ 5. Calculate the heat of fusion of the ice with the aid of the 
following equations: 
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heat received by ice during = heat given off 
and after melting by hot water 

miHf +'n7cCw(7f— 7c) - mhCw(Tf— 7h) 

where: m, is the mass of ice 

is the heat of fusion 

rric is the mass of the cold water from 
^ the melted ice ( = m,) 

is the specific heat of water 
( = 1 cal/g-^) 

Tc is the temperature of the cold 
v^ater j}om the melted ice 

rrih is the mass of the hot water 

Tt, is the temperature of the hot * 
water ^ 

fs the final temperature of the mixture 
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EXPERIMENT 29. CHANGE OF STATE 

f 



NAME 



CLASS HOUR 



ERIC 



6. The accepted valde of the heat of fusion of water is 79J 
calorics per gram. Compare your value to the accepted value and 
calculate your percentage -error. ^ 

DATA 







TRIAL 






1 


n 
d. 


o 


Mass of Styrofoam cup (g) m{s) = 


So 


50 


50 




Mass of cup and 
^water (g) m(s) + m(w) = 


17M.5 




255. 0 


o 


M^ss of v\/ater (g) m(w) = 




"S-rQ r\ 

Lr\- 0 




X 


Initial temperature (°C) To = 






^5 


0) 


^ — ^ 

Mass (g) m(i)=* 


1^.7 


25.0 


29 0 


o 


Initial temperature (°C) Tc = 




o 


0 


xture 


Mass of cup and 

v/ater (g) in(s) + m(w) = 




309.0 






Final temperature (^C) ^ Tf = 




32- 




' Heat Qf fusion (cal/g) Hf = 




79. 


12.-2 


Standard' value (calories/g) Hf = 


ni 


79.7 


7q.7 


Percent ^xxox ^, E = 




0 ) 





B. HEAT OF VAPORIZATION % 

PROCEDURE 



- Thermometer 

c 

Steam generator 

Rubber tubing 
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ysihen \\N0 students are working to- 
gether on this experiment, they can 
take turns operating the apparatus 
and doing the calculations 

t 



APPARATUS PREPARATION 

2 Styrofoam cups 

1 thermometer 

1 triple b^am balance 

steam generator 

steam trap and rubber^ tubing 

Bunsen burner 

pair of tongs 



116 



SUGGESTIONS AND TECHNIQUES 



1. Be sure to keep the laboratory tables free of textbooks 
and articles of clothing while doing this experiment. Puddles of 
water are likely to collect on the table due to unavoidable 
spillage and condensation of steam. 

2. Water that condenses in the riibber tubing will accumu- 
late in the trap during the experirpent. If this trap should t^come 
fyll, shut off the steam generator and empty the trap before 
proceeding. 

3. When setting up the apparatus, use as short a length of 
rubber tubing as possible at the'end of the trap. Any water that 
collects in this section of tubing will affect the results of the 
experiment. >^ 

4. For optimum results, note the difference in temperature 
between the cold water and room temperature before the steam 
IS added. Continue adding the steam until the temperature of the 
water has risen above the room temperature by this amount. 



The heat of vaporcation of water is found by passing a quantity of 
Steam into a cup of cold water. As the steam condenses m the cold 
water, the temperature of the water rises. The heat of vaporization can 
be calculated from measurements of the' changes of temperature of 
the steam and the cold water and their respective masses. 

1 . Heat some water in a steam generator, such as the one shown 
in the diagram. Attach a rubber delivery tube and a water trap at the 
outlet. - ^ 

2. Pour approximately 200 grams of cold tap water into a 
Styrofbam cup. Record the exact mass and temperature of the water 
in the data chart. 

3. When the water in the steam generator is boiling vigorously 
and a steady flow of steam-is coming out of the rubber tube, grab the 
end of the rubber tube with a pair of tongs and insert it into the cold 
water. / 



4. Monitor ihe temperature of the water in the Styrofoani cup 
with a thermometer. When the temperature of the water has increased 
6y about 30^C, remove the rubber tUbe. 

5. Record the temperature of the water in the Styrofoam cup and 
also the mass of the water. Calculate the mass of the steam by 
comparing the mass of water at the end of the experiment with the 
mass that was recorded at the beginning. 




ill 

120 



\ 



EXPERIMENT 29. CHANGE OF STATE . 

NAME • CLASS HOUR 



6. Calculate the heat of vaporization of the water using the 
following relationships* 

heat given off by steam during = heat receiyed by 
and after condensation cojd water 

mHv. rr7hCw(r(f)— r(h))=*mcCw(rf— Tc) 



where 

m the mass of the steam* 

1^^ IS the heat of vaporization 

is the mass of hot water from the 
condensed steam (7= m) 

Cw IS the specific heat of water 
(= 1 cal/g— ^C) 

Th IS the initial temperature of the hot water 
from the clc^ifdensed steam 

rric IS the''mass of the cold water from the melted ice 

Tc is the initial temperature change of the cold water 
from -the melted ice 

r< IS the final temperature of the mixture 

7. The accepted^value of the heat of vaporization of waterAs 540 
calories per gram. Compare your value to the accepted value arjcj 
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DATA 


^TRIAL 

* 








2 


3 


Mass of Styrofoam cup (g) .^^ff} 








vater 


Mass of cup and water (g) 

m(s^ + m(w) 


l^o•^ 








Mass of water (g) m(w) 


(3L5.H 






- 0 

^ 0 


Initial temperature (°C) Th 


11.0 






E 

CO 


Mass (g) m 


/3-7 






B 


Initial temperature (^C) Th 


100 






i_ 


Mass of cup and water (g) 

M(s) + (w) 


mi 








Final ternperature (^C) 7(f) 








Heat of vaponzation (calories/g) H{v) 


S17 






Standard value (calories/g) W(v) 


SHO 






Percent error . E = 


■ 







• / 
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RELATED QUESTIONS AND SUGGESTED ACTIVITIES 

1 . In measuring the heat of fusion of water, why is it necessary to 
wait until the end of the experiment before measuring the mass of the 
ice? 

If the mass of. ice were measured before the mixing occurs, some of the ice 
might melt in the weighing process. Thus, the mass of the ice that was used in 



the experiment would be different from the mass of ice that was measured. 



2. Why would It be dijficult tolneasure the heat of fusion of water 
using a large chunk of ice and a small amoufit of warm water? 
The water would cool to O^C before all the ice had melted. It would be very 



difficult under practical conditions to tell precisely how mCich ice remained. 



3. What precautions were taken during these experiments to 
minimize the effects of heat transfer to and from the surrounding air 
in the room? 

f The calorimeter was covered during the mixing. 

2 Double cups were used to give added thickness of insulation 



3 Calorimeter openings for inspection purposes were minimized. 



4.^What techniques or changes in the design of the apparatus 
would you suggest to minimize your error and come closer to the 
accepted values? 

1 Use a thermometer with a very small heat capacity, such as a thermistor 
type thermometer. 

2. Use a dehydration system to keep the ice dry until the instant before 
mixing. 



5. At home design and buiid an apparatus incorporating the 
suggestions that you'have made in the question above and perform 
the experiment as carefully and precisely as you can. Summarize the 
effectiveness of your improved apparatus and techniques. 



\ 
\ 
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EXPERIMENT • WA^ES 0|(l A COILED.SPPING 




NAME 



CLASS HOUR 



LAB PARTNERS- 



DATE 



PURPOSE 



In this experiment some of the basic characteristics of waves and the This experiment should be done by a 

underlying concepts of wave motion will be investigated by observing Qroup of two or three students. There 

F * ' iQ fnn munh manioulation for one 
waves on a colled spring. 



PROCEDURE 



is too much manipulatiqn for one-^l 
student working ^Jone. . 



Table top 




Rod or taut cable near ceiling- 
may be fastened to wall or ceihng 



Sliding 
rings 



1" above floor 

i 



Ring stand and clamp 



APPARATUS PREPARATION * 

Two 'types of coiled spring are-avail- ' 
able from scientific supply com- 
panies. One IS a helical spring made 
of steel, sometimes called a "slinky." 
To be effective in the lab, it is 
important to get an extra long,sprinQ 
ofJhis type, called a "double slinky." 
The other type^ of spring is a coiled 
brass spring about 13 mm try diam- 
eter and 2 m long when unstretched. 
Jt can be stretched^ as much as 10 m 
without damaging the spring. Both 
types of springs should be made 
available to students. 

1 "double slinky" 

1 brass spring, as.described above 

supports for springs 

stop watch ' * 

meter stidk 



1. Suspend a long coiled spring from an overhead support or 
from the edge of a laboratory table, as shown in the diagram. It is 
important that the support^be securely fastened at .the ends. If an 
overhead wire is used for the support, it should be made as taut as 
possible witiyhe aid of a turnbuckle at ond end. If overhead strings 
are used for suspending the apparatus, they should be at least 2 m 
long and should be spread at even intervals along the length of the 
spring. Stretch the spring by attaching the ends to supports, using a 
strong cord at each end/ If an overhead support is used, the cord 
should be at least 1 m long. 
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, SUGGESTIONS AND TECHNIQUES ^ 

1.. If the coiled spring is'si^ended properly, the waves ^d 
* pulses will continue for a long time'alter they have been started.' 
To^stop them hold a large piece of cardboard lightly against the 
coils so that there will be a small amount of friction eaoli time tlie 
•wave passes. This will help stop the motion of the spring when 
desired. * * . . ' 

, 2. Be very careful^ with a jong spring and avoid making 
especiaflfy l^rge waves or pulses that might cause* the spring to 
.twist up upon .itself. 'Once a long spring becomes twisted, it is 
<very difficult and sometimes impossible to straighten out again^ 



Q,. Start a transverse pulse at one end of the' spring by pulling the 
spring a few centimeters to one side and allowing it to snap back into 
place. After the spring has come to rest, repeat this procedure several 
times while closely observing the movements of the spring. Record 
your observations. - ^ ^ 

The pulse traveled down the length of the spring. It was reflected back and 



forth several times, becoming weaker with each reflection until it finally > 



*^opped. 



' ■ i —7-- 

I 3. Move one end of the spring a short distance to one side and 
allow the spring to* snap back to Its original position,^ starting a 
/transverse pulse. Repeat this procedure several more times, inrcreas-- 
— ^ ing the displacement each time. As the displacements are increased, 
what happens to the arpount of energy received at the distant end of 
♦ the spring? 

As the initial energy is increased, the pulse lasts longer before dying out after 



multiple reflections. ^ \ 



4. Clamp the distant end of the spring or have your laboratory 
partner hold it firmly so that it cannot move. Observe the reflection of 
a transverse pulse that takes pllce from the Qnd of the spring that Is 
clamped. Compare this with the reflection that occurs when the 
distant end of the spring is free to move. In which instance is the 
reflected pulse inverted? 

The pulse is inverted upon reflecti(0) when the end is*clamped. 



5. At one end of the spring, gather a few coils of wire together to 
form a compression. Release the spring and describe the motions of V 
the wire as a longitudinal pulse travels down its length. 
The compression moves^dowr\ the spring in much the same-nnanner as the 



transverse pulse, i 9 
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EXPERIMENT 30. WAVES ON A COILED SPRING 

NAME » 



CLASS HOUR 



6. Stretch one end of the spring 'by pulling several coils^part. 
Allow the ctfifs to snap back to their original position aQd desciPiBe the* 
e)Cpansion (or rarefaction) pulse which travels down the spring. 

The expansion travels down the length of the spring and is reflected at tt)e 

\ 

ends. 



7. Tie a piece of colored string to on'te of the coils near the center 
of the spring and describe its movements (1) as a transverse pulse 
and (2) as a longitudinal pulse is sent down the spring. 

As a transverse pulse passes, the string vibrates from side to side. As a 
longitudinal pulse passes, the string vibrates back and forth in the direction of 
the pulse. 



8. Find the sp^ of a transverse pulse by displacing a few coils 
at one end of the spring a small distance to the side and then 
releasing the coils. After the pulse has travelled back and forth several 
times, record the total distance that the pulse travelled and theiotal 
time in row 1 of the data chart. Do a second trial and record the 
distance-time data in- row 2. Divide distance by time and record the 
speed at the bottom of each column 

9. Find the speed of a longitudinal pulse by squeezing a few coils 
at one end of the spring together and then releasing them. Record the 
distance-time data and speed of the pulse m rows 3 and 4 bf the data 
chart 

10 Using either a transverse or a longitudinal pulse, experiment 
to find the speed of a small amplitude pulse and that of a large 
amplitude pulse on the same spring. Record these time-distance data 
in columns 5 through 8 of the data chart.'^ 



I. SPEED OF PULSES 



ERLC 



TRIAL 


Transverse 


Longitudinal 


Small 
Amplitude 


Large 
Amplitude 


1 


2 . 


3 


4 


5 


6 


■ 7 


8 


Distance 
(meters) d = 








28.0 


28.6" 




280 


2-8-0 


Trme 
(sec) t = 




H7.5 














Speed 

(m/sec) V = 


,57 


.5^ 


.01 


.70 




.^6 


.57 


•SS 
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The pulse travels too fast for the 
students to time over a single length 
of the spring. For best results, stu- 
dents should time the pulse over, 
. say, 20 reflections. 



* in'domg this exercise, it is Important 
^ that the tensii9n of the' spring be held 
constant when measuring the veloc- 
ity by the two different techniques 

The greatest source of error will be 
the measurement between adjacent 
nodes unless ^ students invent a 
technique of accurately measuring 
these' distances while the spring is^in 
motion. ■ * 



1 1 . Move one end of the spring (from side to side in an even series 
of motions to start a train of pulses, or a wave, going down the spring 
The^reflected pulses from the far end of the spring combine with the 
incoming pulses to form a standing wave which has nodes— places on 
' ^e spring where there is no vibration. When a standing wave has 
been established, measure the distance between two adjacent nodes. 
Calculate if^e wavelength by doubling the distance between the two 
adjacent nodes. When the wavelength is multiplied by the frequency 
(number of times per second that the spring is moved from side to^ 
side) the product will be the speed of the wave Enteir the data and 
calculations in data chart II. 



SPEED OF WAVES 



6 



• 


TRIAL 


1 


2 


3 


Frequency 

(pulses per sec) F = 


. 3-2 







Distance between 
nodes (meters) ^ X = 


.0°l 






Wavelength - 

L = 2X (meters) L = 


.18 






Speed 

^ V = FL (m/sec) • V =: 


.58- 







i 



RELATED QUESTIONS AND-9tJGGESTED ACTIVITIES 

1. Compare the speeds at which a transverse pulse arid a 
longitudinal pulse travel through a long coiled spring. 

A transverse pulse travels~more slowly than a lon'gitudinf^pulse ^ 



2. Compare the speed of a large-amplitude pulse with that of a 
small-amplitude pulse.^' r ^ 

Both travel at the same rate. 
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EXPEF^IMENT 30. WAVES ON A COILED SPRING 



/ 

NAME . ' CLASS HOUR 



3. Fasten together two coil springs of different diameter to make 
one long spring. Predict what will happen as a pulse from /either 
direction comes to the boundary between the twOg^prings. 

Th& pulse will change speed as it crosses the boundary and is transmitted to 
the spring on the other side. 



^ ^ J l'^ ^ l^he pulse does change speed in , ^, . . 

Try It and record your ob?ervations. 1 — i it may be difficult to see the reflected 

. /I * w * Pt^/se. If the original pulse travels 
going from one spring to the other. Part of th^ pufee is reflected at the ^^^^ ^ ^^^^^^^ ^^^^^^ ^ .^^ ^^^^ 

^ the reflected pulse will be upside- 
boundary and travels back toward the original end. down; if it travels from a heavier to a 

J ^"[^ \ ^ lighter spring, the reflected pulse will 

4 Predict what will happen on a coiled spring when two pulses, ^® right-side-up. 
started simultaneously at opposite ends of the spring, meet near the 
center. 

When they meet, the energ ies of each pulse will add to the oth^r, making a ^ 
much higher pulse, 

r ^ ' 

. . The instant that the pulses meet, 

Try It and record^ your observations. . ti l 

a higher pulse is forrned. Afterwar ds, the two pulses continue on their way, 

\ ' " ' " 

as if nothir^had hap'pened. 
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EXPERIMENT • 



WAVES IN A RIPPLE f ANK 




NAME- 



CLASS HOUR- 



LAB PARTNERS. 



' DATE. y 



PURPOSE 



A rippje tank pertniis you to observe water waves in two dimensions 
on a projection screen. These observations are directly applicable tb 
pheriomena associated with Invisible waves, such as the electro- 
magnetic waves, which will be studied later. 



PROCEDURE 




■ Straight filament 
50- wan or 100-watt 
clear lamp 



Ripple 
tank 




White paper 
screen on floor 




APPARATUS PREPARATION 

ripple tank 

electric wave generator 
white paper screen 
stop watch 
meter stick 

hand-operated stroboscope 

Straight fHanr)ent bujbs are supplied 
with the ripple tanks. When a bulb 
burns out, be sure fq replace' it with 
the m^e type bulb* or it might be 
^impossible to focus the wave pat- 
terns on the screen.'. 

The r/pj?/© tank is an excellent device 
for developing qualitative concepts 
of wave phenomena. If possible, try 
p keep two or three ripple tanks set 
in the corner of th^lab for a 
onth or two. In addition to this 
X peri men t, the ripple tank is also 
called for in the three experiments on 
reflection, refraction, and diffraction 
which follow. 



^. Set up a ripple tank ^as shown in the diagram. Fill the tank with 
water to a depth of 7 mm. Wet the sides of the tank where the water 
touches them by running a wet finger along them. Fix the leveling 
instruments so that the tank is perfectly level and the water depth is 
the same everywhere. 
* 2. Start a pulse by dipping your finger in the center of tfie tank. 
Float some small pieces of cork on the water and describe the motion 
of each piece of cork as the pulse passes by. 

Each piece of cork bobs up and down as the pulse passes, but it stays in the 



same location In the tank that it had before the arrival of the pulse. 



3, Stqrt a pulse by dipping your finger in the center of the tank 
and note the shape of the wave as it spreads out from the center/. What 
does this indicate about the speed of th? pulse in each direction? 

The pulse spreads out in a circle. This indicates that th6 speed is the same m 
all directions along the surface of the water. 



75j It will be very difficult for stu- 
dents to measure tf}e distance be- 
tween waves on the screen fcT within 
tenths of a^^ntimeter. It is much 
'easier to measure the distance be- 
tween 5 waves and then divide by five 
to find the wavelength with good 
preci^on. 

A stroboscgpe with 6 slits was used. 
The strobe rate was found by count- 
ing the number of dotations m a 15-* 
sec interval and multiplying the re- 
sulting number of rotations per sec 
1^ 6 slits/rotation' 



(20 rot) shts 



(15 sec) 

(40 rot) 
(15 sec) 



(6 



rot 



i= 8 



shts 
sec 



slits slits 
rot ) = W YeV 



teo roj) shts , 



(15 sec) 



rot 



24 



shts 
sec 



The actual wavelength isl^.l cm Jhis- 
appears when 8 slits pass the eye per 
second. When 16 slits pass thi eye 
per secorid; students^ are deceived 
into thinking that the distance be- 
tween waves has shoptened by one 
half. This is an optical illusiStrcaused 
by the persistence of the image of the^ 
waves at one instant while the viewer 
seeing the waves one-half period 
later. As, the strobe frequency is 
increased, mor& and more immediate 
positions of the waves are observed 



ERIC 



4: Set up the electric wave generator at the edge of the tank so 
that a bead is automatically dipped into the water at/egular intervals 
to produce a series of circular waves. Adjust the height of the lamp 
above the lank *to make the image of these waves on the screen 
beneaU] the tank as clear as possible. 

. 5. Place a meter stick on the screen to measure the wavelength of 
the waves being produced. Look at the screen through a h^nd-held 
rotatirfg stroboscope. Change the rate at which the stroboscope is 
.being rotated and notice that there are sevexal different rates of 
rotation that make the wavlb on the screen appear to be standmg still, 
starting with the slowest rate which "stops" the waves, record the 
strobe rate and the wavelength in the data chart. How to measure the 
strobe rate is explained under Suggestions and TechmqueA Repeat 
this procedure for^eacti of the faster strobe speeds which "sipp" the 
action. Notice that the distanc^e between successive waves appears to 
becofne progressively shorter as the stroboscope is turned faster and 
faster. The longest* distance between waves that isjDbserved is the 
actual wavelength of the water waves. Measure this wavelength with 
the aid of the meterstick on the screen and al5o measure the apparent 
wavelengths of the waves when the stroboscope is rotated at faster 
rates. 

. 1. STROBOSCOPE CALIBRATION 



TRIAL 


No of Slits per Second 
Passing' the Eye 
N = 


Actual or Apparent 
Wavelength (cm) 
L = 


1 


? 




2 




' \.io 


3 




10 ant 


7 

.,4 






5 






6 


T 

^ r 




7 







6. Adjust the wave generator so that it makes waves of greater 
Irequency. Measure thU frequency as follows. Rotate the stroboscope 
at differertt rates until you find the fastest rate at which the 
wavelength of the waves still appears as the actual wavelength when 
viewed'through the stroboscope, and not any shorter. At this strobe 
rate, the number of slits^passing your eye per second is equal to the 
frequency of the wave in hertz, because you are catching a glimpse of. 
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EXPERIMENT 30. WAVES ON A COILED SPRING 



NAME 



CLASS HOUR 
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the wave exactly once per period. Record both the frequency and the^ 
wavelength of the wave. Repeat for several different frequencies as 
the wave generator is adjusted. Record all the frequencies and 
corresponding wavelengths in the data chart. 



SUGGESTIONS AND TECHNIQUES 



1. Most commercial ripple tanks have sloping edges to 
dissipate the energy of the water waves. If your tank does not 
have sloping ^dges, and unwanted reflections are a problem*, 
make an artificial beach by placing some vyire mesh around the 
edges of the water, and cover the me^ with some cotfon gauze. 

• • 2 Make sure that theMtegs of your ripple tank are tight in 
their sockets. If they are not, the tank may sta'rt vibrating and 
generate distracting waves. 

3. The images Qf the waves that are seen on the screen of 
the ripple tank will probably be a bit larger than the actual waves 
themselves. You can determine the scaling factor by placing an 
object of known length at the level of the water and measuring 
the length of the image that is cast on the screen below You may 
wish to take this scaling factor into account when measuring the 
actual wavelength of water waves. 

4. When u^ing a stroboscope, it is a good idea to work with a 
laboratory partner who can verify each of the measurements and 
help with \he stroboscope timing. While one of you looks through 
the stroboscope and rotates it at a rate that."freezes'* the motion 
of the wav^, the other can use a" watch tG^ determine the 
stroboscope rotation rate (number of complete rotations per 
second). The number of slits per second passing the eye equals 
the number of slits on the stroboscope times the number of 
complete rotations per second. 

5/When a ripple tank Js first filled, small air bubbles 
sometimes cling to the glass, making visibility difficult. These 
bubbles are easily removed by agitating the water. 

6. Most of the commercial wave generators are made to 
vibrate -by means of an off-axis weight attached to the rotating 
armature. The vibration amplitude may be adjusted by moving 
this weight closer to or fiirther away from the center of rotation. 
If it is too far off center, the wave generator may not vibrate at all. 

7. To start the wave generator it is often necessary to 
connect the electricity and rotate the motor axis with your hand. 



CAUTION: 

Be sure^hat the generator motor is operating when- 
ever the electricity is turned on. If electricity is 
allowed to be left on when the motor is still, there will 
be large amounts of current \n the motor which will 
cause overheating and daniage the motor winding. 
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II. WAVELEr^GTH VS. FREQUENCY 



TRIAL 


FrequerTfcv 
,(Hz) 
F = 


Wavelength 
(cm) 
L = 




ft 


3\ 


2 • 


1 0 




3 


12. 




4 


1 


- 1-6 


5 


lb 


1-5 


6 


1?. 


l-H 



State the relationship between the frequency of a wave and the 
wavelength. 

The wavelength varies inversely with the frequency. 



7. Fill the tank to a depth of 10 mm. Place a large square o/ glass 
in the tank and support it with washers so the depth of the water 
above the top of the glass is only 1 mm. Start the wave generator and 
using the stroboscope, measure the frequency and wavelength in 
both deep and shallow water Record your results in the data table. 

III. SPEED VS. DEPTH OF WATER 





Frequency 
• (Hz) 


Wavelength 
(cm) 
L = 


Speed 
(cm/sec) 
V = FL 


Deep water D 


8 


31 


15 


Shallow water S 


8 







Do your measurements support the principle that water waves 
travel more slowly in shallow water thanvin*deep water? Explain. 

In deep water the waves moved 4 cm/sec faster than in the shallow water. 
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EXPERIMENT 31, WAVES IN A RIPPLE TANK 

NAME 



CLASS HOUB 



RELATED QUESTIONS AND SUGGESTED ACTIVITIES 



1. Generate a wave of straight pulses in the ripple tank and place 
a long paraffin block at the distant end of the tank to reflect the wave 
back toward the source. The reflected wave will combine v\/ith the 
inqoming wave to produce a standing wave. Measure the wavelength- 
of the standing wave, and find the frequency ^f the wave generator, 
l^fsina a stroboscope. Calculate the wave speed by multiplying the 
frequeVicy by the wavelength and check this value with speed 
'ements that you have made by other methods. 



measu 



Calctjiations by the two methods 
should agree withm 20^h ft is very 
difficult to, make more precise meas- 
urements with a ripple tank. 



2 When the water in the center of a ripple tank is disturbed, a 
circular pulse spreads out from the center of the disturbance Predict 
hQW the height of the pulse will change as the pulse spreads out, and 
devise an experiment to check your predictions 
As the pulse spreads out, the energy is dispersed over a greater distance, so 

the height of the pulse should decrease (Actual measurement of the pulse 

height at various distances from the center is a fair challenge to student 



Encourage ingenuity on the part of 
any students who are able to use 
unusual techniques to measure the 
pulse height 

Such encouragement will be remem- 
bered long after the theories and 
formulas are forgotten 



ingenuity ) 



, 3. The speeS^o)"^ water wave varies with the depfh Of the water 
Set up an experiment to determine the relationship between the wave 
speed and the water depth and record your results below. (HINT- 
Keep the frequency constant, as the wave speed also varies with 
frequency even in water of constant depth ) ^ 



TRIAL 


Water depth 


Wavelength 


Frequency 


Speed 


(meters) 
D = 


meters 
L = 


[Waves per sec.) 
F = 


V = FL (cm/sec) 

V - 


1 






- 




2 




















4 






4 





Ho meaningful sample data for this 
open-ended experiment is available. 
According to classical hydrodynam- 
ics, the speed of a water wave in 
water whose depth does not exceed 
half a wavelength Is given by the 
equation: 



where 



V IS the speed 

g IS the acceleration 
of gravity 

h IS the water depth 
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EXPERIMENT* REFLECTION 
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PURPOSE 

Reflections occur when waves encounter the boundary between two 
media. The principals of reflection are the same for all waves. In this 
experiment you will be given an opportunity 'to Investigate the 
similarities in reflection behavior of several different kinds of waves. 

PROCEDURE 
A. REFLECTION OF WATER WAVES 



Rubber tubing 
Straight waves 



\ 




Ripple tank 



W ts recommended that students 
perform this experiment in pairs^ 

The concepts of physics which are 
involved m the reflection of waves _ 
are easy for students to grasp. Un- 
less one wishes to delve more deeply 
into the nature of surface layers 3t 
which reflections occur, the tasks 
should not present any difficulty tor 
the average student. 



Even if all the suggested apparatus is 
available, you [p^g^t wish to^ have 
each group of stucpnts do only one 
part of the ^xpftriment and then 
share their notes and data with the 
olhers The most important outcome 
of this experiment is for students to 
see that water waves, light waves, 
and microwaves undergo reflections 
in a similar banner 



1. Fill a ripple tank with water to a depth of 7 mm, level the tank, 
and adjust the overhead'lamp so that the waves that are projected on 
the screen are clear and sharp. 

2. Connect the wave generator to produce a series pf straight 
waves that are approximately 3 cm apart.^ 

3. At the far end of the tank, place a length of rubbe?TUbing in the 
water to act as a barrier and reflect the waves. Start with tpe barrier 
parallel to the wave fronts. Slowly change the angle belw^en the 
barrier and the wave fronts and observe the change of direction that 
takes place in the reflected waves. Record your observations. 

As the angle between the barrier and the incoming wavefrOntsis madegreater, 

the angle between the incoming and reflected wavefronts also becomes 



\ 

APPARATUS PREPARATION 

ripple tank 
wave generator 

a 30-cm length of rubber tubing . 
' weights to hold tubing in position 
white paper screen 
water 
protractor 



greater. / 



SUGGESTIONS AND TECHNIQUES 

1, Refer to the manufacturer's instructions for specific 
procedures that are necessary to set*up a njicrowave set or a 
laser, 

2, A suitable reflector for microwaves may be either a large 
silvered mirror, a sheet metal plate, or a large sheet of aluminum 
wrapping foil stapled to a flat sheet of cardboard for rigidity. 

3, When using a laser, be very careful that the light never 
enters your eyes or the eyes of anyone in the laboratory. 

4/ Shut off the electric power to all the apparatus when it is 
not in actual use. This will extend the life of the equipment and 
minimize any risk of accidents. 



4. With straight waves approaching the rubber tutting barrier at 
the far end of the tank, bend the rubber tubing into a parabolic shape 
so the reflected waves are focused at a sharp point near the center of 
the ripple tank. Use some weights to hold the rubber tubing in this 
position, and mark the location of the focal point on the screen below 
the tank, 

5. Shut off the wave generator and predict how waves will be 
reflected from the parabolic barrier when you dip your finger into the 
tank at the focal point. Try this and tell whether or not your 
predictions have been verified. 

The reverse ought to occur^that is, the reflected waves should be straight. 
When observed or) a npple tank, approximately straight reflected waves were 
detected. 
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B, REFLECTION OF LIGHT WAVES 



APPARATUS PREPARATION 

gla^mirror, about 10 cm by 10 cm 
^ block of wood or books 
shiet of note pap^r 
cardboard or soft wood to fit under 

papfir 
4 straight pins 
protractor 



^^^^ 


^ Block of 
wood 


\ =7 


Pins . / 1 




\ j/! J 












/ \ ^ 





— Mirror 



icr 
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1. Place a sheet of note paper on a table with a piece of 
cardboard or soft wood beneath the paper for a backing. Set a small 
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EXPERIMENT 32, REFLECTION 



NAME 



CLASS HOUR 



hand mirror upright on the paper and support it in this position with 
sotne books or a large block of wood. 

2. Outline the bottom of the mirror on the paper. Draw a straight 
lini I to represent a ray of light going toward the mirror and hitting it at 
ania'ngle. At the point where the light ray hits the mirror, construct a 
line perpendicular to the mirror outline. - . ' , 

3. Place two straight pins upright along the line which represents 
the light ray. Look toward the mirror from a point on the other side of 
the perpendicular line you drew. Place two additional pins in the 
paper so that they and the mirror images of the first two pms appear 
to be in a single straight line. 

4. Draw a line through the positions of the second two pins to the 
mirror This line represents the. reflection of the first ray of light. 

5. According to the law of reflection, the angle of incidence (the 
angle between the incident ray and the perpendicular) is always equal 
to the angle of reflection {the angle between the reflected ray and the 
perpendicular). Measure these angles with a protractor and calculate 
your percentage error. — ^ ^ 



angle of incidence: 26^29' 

3 — 



% error = 6.9% angle of reflection 24^39' 



I. Reflection of Light 





Angle of 


Angle of 


P^/cent 


TRIAL 


incidence 


reflection 


error 




i = 


r = 


E = 


1 








2 









C. REFLECTION OF MICROWAVES 
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Microwave 
transmitter 
horn 



, Reflector 




Receiver 
horn 
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APPARATUS PREPARATION 

microwave transmission set 
metal plate, mirror, or aluminum 

foil reflector, about 20 cm by 20 

'cm 
protractor 



^1. Place the transmitter and receiver horns of a microwave 
experimenting set side by side, facing in the same direction. 

2. Place a large metal plate, mirror, or foil reflector about two 
meters in front of the horns and rotate it until the maximum signal js 
indicated in the receiver. Set up a^procedure to gather data that will 
prove that microwaves obey the laws of reflection. That is, prove that 
the incident ray, the reflected ray, and the perpendicular ane Always in 
the same plane; and the angle of incidence is always equal to the 
angle of reflection. ' i 

With most microwave sets of wavel^gth 3 cm, agreement between the 
f 

incident and rejection angies shouid be within 5%. 



D. REFLECTION OF A LASER BEAM 



APPARATUS PREPARATION 

hehum-neon laser 

electronic photometer 

several rough objects, such as 
unpolished metal, paper of dif- 
ferent colors, different types of 
wood 

glass square or beamsplitter 
protractor 




The photometer used was an fnex- 
pensile ($50) bkttery-operated de- 
vice which consisted of a solar cell 
detector, a dc amplifier and a meter 
readout. Such photometers are avail- 
able from laser manufacturers Or- 
dinary photometers which are used 
for photography will probably not 
work because they are not suffi- 
ciently sensitive to the red light. 

The helium-neon laser had a 0.5 mW 
output power. The reflecting material 
tested was spirit duplicator paper 
(white). • 



1. Most objects scatter light as they reflect it, producing a 
diffuse (scattered) reflection. Point a laser beam at several rough 
objects, such as unpolished metal, paper of different colors, and 
different types of wood. Measure the amount of reflected light that is 
picked up by a photometer that is held a short distance in front of the 
object. Using the incident beam as a standard; measure the fraction of 
hght, which is reflected from the surface at different angles. 



SCATTERING BY REFLECTION 



Reading of incident beam I 
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TRIAL 

1 


Angle between incident 
beam and surface 
A = 


Reading of 
reflected light 
R = 


Fraction of 
light reflected 
R/l = 


1 




^8 




2 








3 


30° 


5.b 




■ 4 


10' 


0.1 
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2. Using a flat glass plate or a specially designed beam splitter, 
determine the proportion of transmitted light to reflected light that is 
detected with a photometer as the glass plate is rotated at different 
angles with respect to the incident beam. 

BEAM SPLITTING 

// 



Reading of incident beam U= - 

III. Beam Splitter Reflection 

A laser beam splitter was used to get the following: 



TRIAL 


Angle betwefen 
incident beam 
and surface 
A = 


Reading of 
transmitted 

light 

T = 


Reading of 
reflected 
light 
R = * 


Proportion of 
transmitted light to 
reflected light 

R/l = 


1, 




H.7 




0-77 


2 


10" 


50 




0-8B 


3 ' 


so' 


^•3 




0-n , 


4 










5 




3-2 


5-. 8 


0-5S 


6 




4 







The object used was a commercial 
beam splitter. This is a small square 
ot partially silvered glas^ 

Many other materials can be inves- 
tigated in a similar manner. Such 
open-ended experiments which in- 
vestigate natural phenomena in a 
meaningful way should be encour- 
aged. It IS not uncommon for stu- 
dents to become quite enthusiastic 
and even make discoveries whichare 
not recorded in textbooks. 



RELATED QUESTIONS AND SUGGESTED ACTIVITIES 

1 Stack a laser, gnlcrowave transmitter, and a flashlight one, 
above-the other with the aid of ringstands or other supports. Aim all 
three at the same spot on a distant flat mirror and predict the exact 
locations of the three reflected beams. Account for any errors 
between the predicted positions and the actual positions of the^ 
reflected beams. i ' . ^ ' 

All three shpuld obey the same laws of reflection. There wiirbe a difference in 

precision— the laser is the most precise, .followed .by the microwave 
transmitter, and then the flashlight. 

2. Test the ability ofvarious materials to reflect microwaves or a 
la^er beam and develop a theory to describe why some materials are 
better reflectors than others. 

Although most students will say that good reflectors must be smooth and 



shiny, they will be surprised to find that Scotchlite reflecting paper, which is 
rough, is an excellent reflector. Have the students check their theories with 
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\hose in texts. 
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This^techniquS is so good that the 
precision is limited only by the ability 
of the student to measure the dis- 
tances precisely. Results will vary 
from those within 30^/o to those with a 
zero error to two significant figures. 



3. Verify the laws of reflection using a laser beam and long 
distance techniques as follows:^ 

a. Aim the laser beam across the center of a large room so that it 
hits the center of the rear wall. 

b. Tape a small mirror to the wall and circle the area on the mirror 
where the laser beam strikes it. Adjust the positions of the laser and 
the mirror so the reflected beam is superimposed on the incident 
beam. The two beams are now on the perpendicular to the mfrror 
surface. 

c. In 50-cm steps, move the laser 3 meters to the right of its 
original position. At eacfi step, point the laser at the mirror and record 
the angular distance that the reflected beam appears to the left of the 
original laser position. Compare your data(with the ideal values given 
by the laws of reflection and calculate your percentage error. 
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EXPERIMENT* REFRACTION 



i- 




NAME 



CLASS HOUR: 



LAB PARTNERS 



DATE: . 



PURPOSE 

In this experiment we ^hall investigate how the refraction, or bending, 
of waves Is related to changes In the wave velocity. 

A. REFRACTION OF WATER WAVES IN A RIPPLE TANK 

PROCEDURES' 




Figure 1 




Ripple tank 



Paraffin barrier 
Waves 




This experiment should be done by 
students working in groups two or 



three. 



, There is so much similarity in the 
refractiop of v/ater waves, light 
waves, and microwaves that all three 
should be^investigated in the same- 
lab session if at all possible.^ 

Since thbre is too much for any*' 
individual or group to do, it is sug- 
gested that the class be divided, with 
each section doing a different part of 
the experiment, followed by a class 
discussion of the overall results. 

. APPARATUS PREPARATIONS 

r/pp/e tank with wave generator 
a 10'cm'by'15'cm glass plate 
* coins, to use as spacers to raise or 

lower the glass plate in the ripple 

tank 

paraffin blocks a » 
water 

white paper screen 
hand-held stroboscope 
protractor * 

» 

Paraffin blocks ^-are available wher- ^ 
ever canning or candlemaking sup- 
plies are sold. 



1 . Fill the ripple tank with water to a depth of about 10 mm, level 
the tank, and adjust the overhead lamp so that the waves that are 
projected on the screen are clear and sharp. ^| 

2. Put a rectangular piece of glass (10 cm X 15 cm) in the ripple 
tank and support the glass h9rizontally so that the top surface of the 
glass is approximately 2 mm below the surface of the water. 
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SUGGESTiONS AND llOHNiQUES 

'l. Glass squares 7 cm X 7 cm are recommended because 
these are standard sizes sold by scientific supply companies/ 
Glass squares (or rectangles) of<(gther sizes will work equally wefl^ 
For the greatest precision, distances AB and^CD should be as 
great as possible. * ^ ^ 

2. It is important that one of the polished edges of the glass 
square coincide exactly with the top edge of the square that is 
drawn on the diagram. Any •-flnisalignments will affect the 
accuracy of your results. 

3. If the angle between the surface of the glass and the 
incident ray is made too small, it is possible that the emerging 
ray will cogie out of the right side of the glass square if^t^d of 
at the bottom. This condition can be observed when uSng a 
glass square that has four polished edges. Thfe procedure which 
is used to calculate the index of refraction of glass in this 
particular case is' no different than that ^ed /or the original 
procedure. . ^ 

4. For the most precise results, u^a very sharp pencil and 
measure all distances to the nearest tenth of a millimeter. Ask 
someone else to check your sighting of the four pins in each- 
cafee to Se sure that they are perfectly aligned bsfoCrfBtapving 
the glass from the, diagram. "^^^ 

5. Check that' the angle between the retracted ray and the 
second wavefront is 90^. This can be done with the aid* of a 
protractor or with the aid 'of a right angle at the corner of a sheet 
of note paper. 

6. The index of refraction of glass varies slightly with the 
color of the light being used. It is not expected that the 
comparatively imprecise techniques used for this experirjient 
will detect this variation. • 



3. Place two paraffin barriers in the ripple tank in the positions 
shown in Figure 1. T\)\s will divide the-tank into two parts: one in 
which the water is 1Q mm deep; and one in which the water Is only 2 
mm deep. * * 

4. At the deep^ end of the tank, connect the wave generator to* 
produce a series of straight waves that are approximately 3 cm apart. 

, 5. Fix the boundary between the shallow aod (jeep water so that 
it ia^arg^l to the direction in which the wave fronts are approaching: ^ 
With^a stroboscope, "stop" the ftiotibn of the waves on the screen^ 
beneath the tank, -and with a meter stick measure the wavelengths in 
shallow water and in deep water. Change fhe frequency of the wave" 
generator several* times. With^ach change of frequency record the 
wavelength| for deep and'shsftlow water in the data- chart. 

6. Examine the data pairs of^ wavelengths -for the different 
frequencies of the wave generator and see if you can find a pattern 
which relates the data. If so, what is the pattern? 
The ratio of ^Wavelengths in deep and shallow water does not change at 



different frequencies. 
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NAME • ' ' ' : CLASS HOUR 



7. Adjust the boundary between the deep and shallow water so 
the wave fronts will hit the boundary at an angle of about 30^ (see 
Figure 2). Observe any changes in the direction of the wavef rbnts and 
record your observations. < \ 

As the wavefronts pass over the submerged glass squat'e, they change 
direction. The wavefronts over the glass make an angle with the boundary 



that IS obviously les^ than 30 degrees, 

DATA 



TRIAL 


Frequency 
(Hz) • 

F = 


Wavelength in 
, deep water 
(cm) 
L(D) = 


Wavelength in 
shallow water 
(cm) 
L(S) = 




% 




2(o 


2 


10, : 


Z.5 


Zl 


X 3 


\2- 


2.\ 


!•? 


4 


IM. 


1-8 


!-5 


5 


lb 




1-3 


6 








' 7 









ERIC 



B. REFRACTION OF LIGHT WAVES TRAVELING 
FROM AIR TO GLASS 



PROCEDURE 




APPARATUS PREPARATION 

qlass square, 7 cm by 7jpm 
These are sold by scientific sup- 
ply companies for this particular 
experiment 

straight pins 

a notebook^site' sheet of heavy 
cardboard 
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1. On the data worksheet, place a glass square (7 cm X 7 cm) in 
the position indicated in the diagram, making sure that one of the 
polished edges Of the glass coincides exactly with the top edge of the 
square oh the diagram. With the glass in this position, one of the lines^ 
above the glass represents an incident ray of light which is striking 
the polished edge, and the line perpendicular to it (AB) represents the 
wavefront of the light at the instant the incident ray is about to enter 
the glass. Insert 2 straight pins about 3 or 4 cm apart on the line which 
represents the incident ray. Holding your head so that your eyes are 
at the^same4evel as the glass, insert 2 more Straight pins at the bottom 
of the diagram so that it appears as iTall four pins are on a* perfectly 
straight line^while you are looking through the glass (Figure 3). 

2. Remove the glass and draw 2 straight lines with the aid of a 
straight edge to shovv the path of the light as it traveled through the 
glass and emergedv Label these lines 'V-efracted ray" and "emerging 
ray," as shown in the sample diagram. (Figure 4). 

3. Starting from the upper right corner position of the glass 
square, draw a line that is perpendicular to the refracted ray. (This 
line is labeleiJCD^rrFigure 4.) This* line represents the wavefront of 

alater time— the instant the right end of the wavefront enters 
the glass. ' * \ 

4. Measure the distances^ and d' on your diagram. Distance d is 
the distance moved /n a/r by a point on the wavefront during the time 
the wavefront moved between position AB.and position CD. Distance' 
d' is the distance moved /n g/ass by another point on the wavefront 
during the same time interval. Thus, d and d'are proportional to the 
respective speeds of light in air and in glass. 

, ' 5. On separate sheets of paper, draw' similar diagrams but 
change the angle lhat the incident ray rpakes with the glass. Measure 
distance d and dfstance d' for each case. ^ 

6. Enter the distance data in the data ch^rt. For eacVpair of 
distances, divide the distance d by the distance d'. Enter the result of 
this calculation in "the data chart. This value is known as the index of 
refractiori of glass and should be between^-I.Sand 1.9, depending on 
the- type of glass that is used. 
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DATA 




Sight here 



TRIAL 


(cm) 


(cm) . 


d/d" 
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" 2.,3 
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RELATED QUESTIONS AND SUGGESTED ACTIVITIES 

1. Ordrnary crown glass has^an index of refraction of 1.5 and flint 
glass has an index of refraction of 1.6 to 19. Refer to your data and 
identify the type of glass that you used for this experiment. 

• ^ Ordinary crown glass 

2. If the narrow beam coming from a carbon arc lamp or frorp a 
helium-neon laser were to be aimed at your glass square in the 
direction of the incident ray on your diagram, the light should follow 
the path through the glass and emerge exactly as you have shown in 
your diagram. Try this and see how close* you are able to come. 

The litser beam is right on the line. 



/ 

4,3. Using a technique that is similar to that used in this 
experiment, devise a procedure for determining the index of 
Student ingenuity is required to refraction of water. Summarize your procedure, data, and conclu- 
make measurements above and be- gj^^g ^^^^^ be\ov^. . 

low f^e surface ol water. The hand- - ^ 

book value of the index of refraction ^ 
of water /s 1.33. 



4. The speed of light in air is 3.0 X 10« m/sfec. Using the data that 
you have obtained in this experiment, calculate the speed of light in 
glass. (Remember that the speeds' of light in air and glass are in the 
same ratio as the distances d and d'.) ^ 
& (speed of light in air)/(speed of light in glass) - 1.5 



speed in glass = (3.0 x 10^ m/sec)/1.5 = 2.0 x 10^ m/sec 



The paraffin can be cast in the 5. Microwaves are refracted by p^raffin in much the same 

desired shape with wooden molds. manner as light waves are refracted by glass. If a microwave 
• ^ transmitting and receivmg set are available, repeat the procedure that 

was used for determining the index of refraction of glass, substi- 
tuting, the microwave transmitter for the light source and a paraffin 
' block for the glass, and placing the microwave receiver on the 
opposite side of the paraffin block. Using different angles of 
/ ' incidence, calculate' the index of refraction of paraffin for micro- 
waves. ' ' , 
, . . • The index of refraction of paraffin for microv^aves /& h42. Thus, students 



* 



should find that for every angle of incidence the distance d is 1.42 times as 
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DATE 
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PURPOSE 



In this experiment you shall have an opportunity to observe the 
bending, or diffraction, around edges that occurs when waves pass 
through a narrow opening, and you shall Investigate the Interference 
phenomena which accompany this diffraction. 

A. DIFFRACTION AND INTERFERENCE IN A RIPPLE TANK 

PROCEDURE 




Paraffin 
blocks 

Wave 
generator 



Rippie tank 



This expenment should be done by' « 
students working in groups of two or ^ 
three. 

Each^group should have an oppor- 
tunity to observe diffraction in a 
ripple tank and then do quantitative 
work with a microwave set, a laser, or 
a sodium flame. The most satisfying 
results will be obtained with a laser 
and an inexpensive (less than 25C) 
replica diffraction grating. The set- 
up is simple, and data which yields 
precise and accurate results is ob- 
tained by almost all the students. 

APPARATUS PREPARATION 

ripple tank 
wave generator 
paraffin blocks 
white paper screen 
water 



1 . Set up a ripple tank v\^ith about 0 J cm of water; make sure that 
the tank Is level. Set up a wave generator at one end of the tank to ' 
produce straight waves. Across the center of the tank (as shown in the 
diagram) place several paraffin blocks with a narrow opening at the 
center to allow waves to pass through the barrier. Experiment with the 
size of this opening to find out whether ttie greatest amount of 
diffraction (spreading out of waves) occurs as the opening is made 
wi^der or as the opening is made narrower. Record your observations. 
As the opening between the paraffin blocks is made smaller the amount of 

diffraction increases. 
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^ SUGGESTIONS AND TECHNIQUES > 

1. Diffraction patterns can be r)bserved in a ripple tank 
without too much difficulty but a great deal of practice is 
required to make any quantitative measurements. If time is 
available, it is usually better spent in measuring the diffraction 
patterns produced by light waves, from which greater precision 
and accuracy may be obtained with relatively little practice. 

2. Although the distances from the central maximum and 
the first order diffraction pattern on each side of the maximum 
should be identical, you may find that these distances differ 
because of slight misalignments of the equipment orSecause of 
faulty sighting techniques. A good procedure is to measure the 
distances between the central maximum and each of the two 
first orde^fmages and then take the average distance If the two 
are not id^tical. 

3. When using e laser be very careful that the laser beam 
does not shine directly into your eye or into the eyes of other 
students in the laboratory. / 

4. Special photometers are required tofneasure the mten- 
sity of lightlbund in a diffraction pattern. Ordinary photographic 
light meters are usually not sensitive enough for this purpose, 
since fine differences m light intensity* are encountered 



2. Readjust the paraffin blocks m the barrier to make two narrow 
openings through which the waves can pass. With this arrangement 
the waves passing through each of the openings will interfere with 
each other at the far side of the barriertXight areas will appear on the 
ripple tank screen wherever \he4Jayes coming from one slit interfere 
constructively with the waves coming from the other slit. Dark areas 
will appear wherever the waves from the two sources interfere 
destructively. 

3. Draw a diagram showing the interference pattern which 
appears on your screen. 9 
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CLASS HOUR 



4. Vary the frequency of your wave generator and observe the 
changes in the interference pattern which "results. As the frequency 
increases (and the wavelength 'decreases) how is the pattern 
affected? 

As the frequency increases and the wavelength decreases, there are more 



lines of destructive interference and they are closer together. 



5. Keeping the frequency of th^ wave g^erator constant, 
rearrange the paraffin blocks to increase or decrease the distance 
between the two openings in the barrier Describe the changes that , 
take place in the interference pattern as the two slits are brought 
closer and closer together. 

As the sftts m the barrier are moved closer together, there are fewer hnes of 



destructive interference and they are farther apart 



B. DIFFRACTION AND INTERFERENCE OF MICROWAVES 



PROCEDURE 




APPARATUS PREPARATION 

microwave set 
meter stick 

sheet of aluminum foil 
single-edge razor blade 
sticky tape 



1. Set up a microwave transmitter and receiver on the'laboratory 
bench with the transmitter and receiver horns about 25 cm apart and 
facing each other, as shown on the diagram. Adjust, the transmitter 
output or the receiver gain according to the manufacturers instruc- 
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tions so that the receiver output rtieter indicates a full scale reading 
with the apparatus set up in this position. 

2. Cut two slits in a square of household aluminum foil with a 
sharp, single-edge razor blade. The size of each slit and their spacing 
are shown on the diagram. Center the slits over the opening in the 
transmitter hcThn and hold them in this position by pressing the edges 
of the aluminum foil around the rim of the horn. Slowly move the 
receiver horn in a small arc in" front of the transmitter, making sure 
that the distance b^een the two is always 25 cm. As the receiver is 
moved near the central axis, of the radiation pattern, a marked 
increase in the received signal strength will be observed. Mark the 
position of the strongest received signal by sticking a small piece of 
tape to the laboratory table. This maximum signal is called the central 
maximum and occurs where the waves coming from the two slits* 
interfere constructively after having traveled exactly the same 
distances from their sources. 

3. Move the reviver approximately 10 cm to the left or 10 cm to 
the right of the central maximum position until another position of 
maximum signal strength is located. This maximum is called the first 
order maximum and occurs where the waves from one slit arrive 
exactly one wavelength ahead of the waves from the other slit. 

4. In the data table record the distance between the transmitter 
and receiver horns (25 cm in this case) and also record the distance 
between the central an^he first order maximum positions. 

5. Calculate the wavelength of the microwaves using the 
relation 

A = e/x/L 

where d is the distance betw^n slits (6.6 cm in this instance) 

X is the distance between the central maximum and the 
first order maximum 

L Is the distance between the transmitter and receiver 
horns 

Record the result of your calculatlon'in the data table. 

6. Using a similar procedure to that described above, increase 
the distance between the transmitter and receiver to 30 and to 40 em. 
In each'Case locate the positions of the central and the first order 
maxima and record the appropriate distances in the data table. From 
your data,^:alculate the wavelength of the microwaves and enter the 
result in the ctata table. 



DATA 

f 



Distance between trans- 
mitter and receiver horns 
(cm) 


Distance between positions of 
central and first order maxima 
(cm) 


Calculated 
wavelength 
(cm) 


2^ 


//•vS 


3.0 


30 


H-o 


3-1 






3-0 










t 
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T 



^. DIFFRACTION AND INTERFERENCE USING A 
HELIUM-NEON LASER 

PROCEDURE 




1. Demonstrate knife-edge diffraction by aiming the beam of a 
helium-neop laser at a screen that is approximately 1 meter in front of 
the laser. Slowly^ slide the edge of a new x^ox blade into the side of 
the laser beam and observe the effect on the sefeen. If a diverging 
lens is used to enlarge the beam, it should be possible to observe 
several light and dark fringes on the screen rather than a sharp-edgetf 
shadow of the razor blade which might be expected These fringes are 
caused by interference between various portions of the wavefront as 
the light bends^ around the edge of the razor. 

2. D^mor]fstrate' single-slit diffraction by shining the laser beam 
on^ screen about 1 meter away and partially blocking the laser beam 
with two razor blades, one on each side. As the slit between the 
blades is made narrower and narrower, you should be able to observe 
a marked change in the width of the laser beam. Record your 
observations. 

As the razor blades are moved closer together, the laser beam spreads out 
more and more. When the blades are very close together, the pattern on the 
screen looks like a series of dashes, with those in the center the brightest. 



APPARATUS PREPARATION 

helium-neon laser 

screen ^ 

2 razor blades 
Any kind of razor blades will 
^ work but neW, sharp blades pro- 
duce the cleanest pattern. 

magnets, tape, or some other me- 
chanical device to hold razor 
blades steady 

photometer 
Special photometers are sold by 
laser manufacturers for use with 
lasers. A photography light met- 
er probably will not work for this 
experiment because it is not 
sensitive enough to the red light 
emitted by helium-neon lasers. 

diffraction grating (inexpensive 
acetate plastic replica gratings 
work well) 



3. Pass the laser beam through a very narrow slit made by 
placing two razor blades close together, then enlarge the beam using 
a diverging lens and observe the pattern which falls on a screen about 
1 meter away. The light and dark stripes., or fringes, which are 
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Ideally, the distances to the right and 
left of the central maximum should 
be identical. In practice, they will not 
be identical because it i$ difficult for 
students to arrange the laser beam 
and the screen a^perfect right angles 
to each other To minimize the error, 
distances to the right and left are 
averaged. 



inexpensive acetate plastic replica 
gratings have T90x W^mspacings 
betv/een slits. Other gratings usually 
have the number of lines per cm 
given. The slit spacing in centimeters 
IS the reciprocal value^ (Inexpensive ^ relation 
diffraction replica gratings made of 
acetate plastic film usually have 
13,400 gtooves per inch. This is 
equivalent to 5,276 grooves per cen- 
timeter. Thus the distance between 
adjacent grooves (d) is 1,90 x 10"* 
cm. or 1,90 x 10'^ m.) 

where 



observed are caused by interference among the various portions o( 
the wavefront which pftss through the slit and are diffracted by the 
edges. Upon closer inspection these interference fringes will be seen 
to vary in brightness. Uging a sensitive photometer in a darkened 
room, record the intensity variations that occur at 1-cm intervals as 
the photometer is moved slowly across the screen from one edge of 
the pattern to the other. Plot this'data on a graph showing distance 
along the horizontal axis and the photometer reading along the 
vertical axis. (If the pattern happens to be very small, it may be 
necessary to record the intensity variations at intervals of less than 1 
cm.) , . 

4. Place a screjen 1 meter in front of the laser aperture. Turn on 
the laser and mark the position on the screen where the laser beam 
falls. Place a diffraction gating over the laser aperture and observe 
the additional bright spots which appear on the screen due to 
diffraction. A bright spot should appear at the original marked 
position, and additional spots should appear to the right and to the 
left of the marked position. The marked position is called the central 
maximum, starting from this place the Slher bright spots are called 
the first order maximum, second order maximum, third order 
maximum, and so forth. Measure the distance between the central 
maximum and the first order maximum on each side. Record these 
distances in the data table. Also measure and record the distances 
between the laser aperture and the first order maximum on eac^) side 

5. Record the distance between adjacent slits on the diffraction 
grating. This will be given on the grating or by your instructor. 

6. Calci^ilate the wavelength >^ of the laser light by using the 



;i = d 



is the distance between 
adjacent slits on the 
diffraction grating 

is the distance between 

the central maximum and the 

first order maximum 



is the distance from the laser to the 
first orc^er maximum on the screen 




Record the result of your calculation in the data table. 

7. According to the handbooks, the wavelength of the light 
emitted by a helium-neon laser is 6.328 X 10'^ meter. Compare this 
with the value that you obtained and calculate your percentage error. 

8. Repeat the above procedure several times, using different 
distances between the laser and the screen. 
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NAME 



CLASS HOUR 



DATA 



Distance from edge 
of pattern 
(cm) 
X = 


iniensiiy 

1 = 
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Distance from edqe of 
pattern C^m') 



\2 14 





Distance between laser 
and first-order 
maximum on screen 


Distance between central 
maximum and first 
order maximum 


Calculated 
wavelength 
(m) 
L(W) = 
X 10-' 


% . 
error 
E = 


on left 
(m) 
L(L) 


on right 
(m) 
L(R) 


on left 

(m) 
X(L) = 


on right 

(m) 
X(R) = 


1 


1057 




0-352. 
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In calculating the wavelength, stu- 
dents should use the average of the 
distances measured on the left and 
right sides. 
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D. DIFFRACTION AND INTERFERENCE OF LIGHT 
' FROM A SODIUM FLAME 

PROCEDURE 



APPARATUS PREPARATION 

Bunsen burner 

asbestos collar »^ 
salt water solution 
wire to^secure collar 
meter stick 

diffraction grating (inexpensive 
acetate plastic replica gratings y 
work.well) 



Image of flame 



Meter stick 




Diffraction grating 



Inhaling asbestos dust is harmful to 
the lungs. Instead of the asbesios 
collar, you might wish to substitute a 
15 cm length of nichrome wire with 
one end bent into a loop having a 
diameter of about 0.5 cm. A sodium 
flame is obtained by dipping the loop 
into a container of salt water and then 
heating the loop with the bunsen 
burner. Refill the loop with salt wafer 
as often asMcessary. 



1. Soak a small square of asbestos^m a solution of salt water. 
When the asbestos is thoroughly wet, wrap it around the top of a 
Bunsen burner, as shown in the diagram, and secure it with a piec^of 
wire. 

2. Light the Bunsen burner and adjust the barrel so that a bright 
yellow sodium flame is produced as the salt on the asbestos is heated. 

3. Stand about one meter away from the flame and look at it 
through a cliffraction grating. Diffracted images of the Hame should 
appear several centimeters to the left and right of the flame itself. 

4. Have your laboratory partner hold a meter stick just behind the 
flame, as shown in the diagram. Ask your partner to run a pencil along 
the meter stick until it appears to coincide with the nearest image that 
appears to the right or left of the flame itself. Record the distance 
between the pencil and the flame and the distance between the pencil 
and the grating. Repeat for the opposite nearest image. 

5. Calculate the wavelength ;\ of sodium-light using the relation 



i 



where d is the distance between adjacent slits on 
*the^iffraction, grating 

X is the distance between the Bunsen'burner 
flame and the position along the meter stick 
Q where the nearest image appears 
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EXPERIWBfclT 34. DIFFRACTION AND INTERFERENCE 

NAM^C 



CLASS HOUR 



is the distance between the diffraction grating 
and -the position along the meter stick where 
ythe nearest image appears 

Record the' result of your calculatiori in the data table. 
6. The yellONjHight in a sodium flame actuaify consists of light of 
two very sJJghtly different wavelengths. The accepted values of these 
wavelengths are 5.896 X lO-^m and 5.890 X lO-^m, Using the average 
value, 5.89 X 10 '^m, compute your percentage error. 



DATA 



Distance between adjacent ^iits op diffraction grating d 



m 



TRIAL 


Distance between flame 
and nearest image 


Distance between 

grating 
and nearest jmage 


Calculated 
wavelength 

(m) ; 
L(w) ' 


% 

error 

E = 


Left 
Im) 
X(L) = 


Right 
(m) 
X(R) = 


Average 
(m) ; 
X = ■ 


Left 
(m)- 

L{L) = 


Rig fit 
(m) 
L(R) - 


Average 
(m) 
L - 


1 


OlOl 


1 

0114 


0107 


5-337 




0.3^ 






2 


0-IZl 




0-132. 




^ 


0-^30 






3 





















A 
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RELAIHS} QUESTIONS AND ACTIVITIES % 

^ • * ^ 1.^ Observe a4ong thin lamp, such as a showcase lamp, through a 

diffraction grating. Set the Igmp base down on a tablerapd notice the 
^ ' multiple interferefice patterns that are formed at the ydes of the lamp 

as you stand about 2 meters away and look at it through |he grating. 
^ f* ' ^ Knowing that red light has^a longer wavelength than green light,- 

^ predict Ihe color of the image which will be formed closest to the 

'^'^ lamp. Check your, predictions by holding pieces of red and. green 

' ... cellophane "^in the light path between the lamp and the diffrkction 

. ^ The*lort(B^d wavelengths should ^produce a diffraction pattern- with 

maxima that are spaced farther apart thin the shorter green wavelengths, so 
' p ± i : 

* the green image should^ be .closer to the lamp. This is confirmed by 

' ^ T 

observation. , 



0 



4^ 



2. Assume that thecp are three unidentified diffraction gratings, 
• each having a ^different number of lines per centimeter Hovy could 

» ydu rank the' gratings in orddr of number of lines per centimeter 

withRXjJ using a microscope'? 
^ - Obserk^dt source of monochromatic light'or shine a laser beam through the 

fi^ I\ i -r ; 

, gratings. The grating, with t^e greatest number of lines per centimeter will 

J, ^ produce a diffraction^pattern with nlaxim^ that are the farthest apart. 



EXPERIMENT < 




IMAGES AND CONVERGING LENSES' 



NAME: 



fcl^SS HOUR. 



LAB PARTNERS: 



DATE 



PURPOSE 



In this experiment you shall study the images that are produced by 
converging lenses. ^ 



A. FINDING THE FOpAL LENGTH OF A DOUBLE 
CONVEX LENS 

PROCEDURE ' 



Double coiWex lens 

Hl Parallel rays of 
light from 
distant object 



Sharply focused 
image on screen 




Ft5cal length 



Support 



. This experiment should be done by 
students working as individuals or 
working in pairs. 

The main difficulty that stu(ients 
experience is in making fudgemei 
as to when an image Is in the best 
focus. This judgement will vary 
, somewhat from student to student. 

APPARATUS PREPARATION 

double convex lens with a diameter 
of about 3 cm and focal length of 
about 10 cm 
optioal bench with lens holders 
i and screen holders 

screen (a stiff white index card is 
acceptable) 
•) 

The simplest type of optical bench is 
a meter stick and accessories such 
as end supports, lens holders, and 
screen holders. These are listed in 
the catalogs of most scientific supply 
companies. 



The focal length of a lens is the distance from the lens to the point 
where parallel rays of light from distant objects are in sharp focus. 

.jS et up the apparatus shown in the diagram by mounting a 
doubje convex l8ns and a cardboard screen on a meter stick. 

2. Select a distant object such as a ^use, a tree, or even the sun 
itself. 

3. Aim' the meter stick at the selected object so that light from the 
object passes through the lens and falls on the screen. 

4. Move the screen or the lens along the meter stick }o focus the 
light rays on the screen and produce the sharpest image of the distant 
object. When this has been done, find the positions of the lens and the 
^screfen or^the meter stick as p recisely as p ossibl e and re cord them in 
the data chart. 

5. Repeat the above procedure for two more trials, each time 
selecting a different initial posrtidn on the meter stick for the lens. 
Recorcf these position data in the chart alsd. 

6. Calculate the 4ocal length of the lens for each trial by 
subtracting the position of the lens from the pqsition df the ^^&^n. 
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SUGGESTIONS AND TECHNIQUES 



1. Although the sun itself makes an excellent object for 
finding the focal length of a lens, be especially careful that th^ 
focused rays of the sun on the cardboard screen do not scorch 
the cardboard or start a fire. 



2. The right angle th^t^formed by the corner of a small file 
card or a stiff piece of paperTTan be helpful in locating the exact 
position of the front of the.bulb with respect to the meter stick. 
Try holding the card so that one edge lies along the top of the 
meter stick and the adjacent edge is pressed against the front of 
the bulb. 

3. As the object distance is made shorter and approaches 
the focal length of a convex lens, you will find that it is extremely 
difficult to obtain an image. Do not waste too much time in trying 
to find and observe the image under these conditions. 

4. To find the relative size of the object and image m Part B, 
try pasting a 1-cm tength of narrow tape on the front of the bulb. 
If one end of this tapejs pointed, it will help you tell whether the 
image is erect or-inverted. An alternate technique is to draw an 
arrow 1 cm long on the front of the bulb, using a felt-tip pen. 



The values should be identical in each case but may vary somewhat 
because of experimental errors. 

7. In the last two columns of the data chart, tell whether the 
imag^ is erect or inverted and whether it is larger than, smaller than, 
or -the same size as the actual object. 



DATA 



TRIAL 


Position 
of lens 
(cm) 
X(L) = 


Position 
of screen 
(cm) 
X(c) = 


Focal 
length 

(cm) 

F = 


Image erect 
or inverted' 
(E or 1) 


Image size 
(LG) Larger 
(Sm) Smaller 
( = ) same as 
object 


1 


.2,0-00 


30- ZO 


IO2j0 


inverted 


smaller 


2 


30.00 




1015 


inverfced . 




3 




50-25 




inverted 




4 


< 






4 





EXPERIMENT 35. IMAGES AND CONVERGING LENSES 

NAME 



CLASS'HOUR 



B. IMAGES OF NEARLY OBJECT FORMED BY, A 
CONVEX LENS 



PROCEDURE 




Double convex lens 



Image 



Screen- 



Meter stick 

\ V 



Support*' 



APPARATUS PREPARATION 

In addition to the apparatus of Part A, 
a luminous object of known height is 
needed. A small rw, 120 V lamp 
mounted on a ringstand is ideal. 
Candles are not recommended be- 
cause the flickering flame is difficulty 
to focus, and there is the possibility 
of a student's long hair catching on 
fire. " 



The characteristics of the image and its distance from the ler>s 
will be found to depend on the focal length of the lens and the object 
distance. To see how these are interrelated, proceed as follows: 

1. Place a small electric light bulb in a socket mounted on a 
ringstand, as shown in the diagram. The biilb will be used as an 
object. . 

2. Mount a doable convex lens off known focal length (Part A of 
this experiment) and a cardboard screen on a meter stick 

3. Place the lens at a distance of about two focal lengths plus 5 
cm from the bulb. 

4 Turn on the bulb. Move the serpen to a position where the 
image of the bulb and the fine printing giving the manufacturer's 
name and the voltage are in sharp focus. In the data chart, record the , , 
positions of the bulb, lens, and screen. 

5 Calculate the distance between the bulb and the lens (object 
distance) and the distance from the ^ens to the screen (image 
distance) * 

S(90 sample graph at top of next 

6. In the last column of the data chart, describe the image by page 

telling whether it is erect or inverted, and whether it is larger or 
smaller than the actual object 

7. Perform several additional trials, each time decreasing the 
otjject distance by 2 cm unti^ the object is less than one focal length 
from the iens Record these "data m the chart. 

8. Make a graph of image distance vs. object distance by plotting 
the data in the chart. 
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DATA 



r 

ft 

6 




O lO 20 30 'K) 

Object distance (fcm) 



Lens focal length f 



101 



m 



TRl Al 
1 nlML 


Position 
of object 
(cm) 
X(0) = 


Position 
of lens 
(cm) 
X(L) = 


Position 
of image 
(cm) 
X(l) = 


Object 
distance 
(cm) 
P = 


Image 
distance 
(cm) 
q = 


• Image 
description 
(Lg)(Sm) (=) 


1 


0 


55.0 




35^0 




sm 


2 


0 


ib.q 








sm 


3 


0 








m' 


— : 


4 


0 


Ib-O 








L& 


5 


0. 






HO 


Zl-lo 


LG 


e 




10.2 


hone/ 


10-2 


? 

• 


? 


7 


'0 


8-5 


none 


'8-S 


? 

i • 


? 



RELATED QUESTIONS AND SUGGESTED ACTIVITIES 

'1. Referring to your data for a convex lens, tell how the image 
distance changes as the object distance is decreased. 

As th0 obiect distance is decreased, the image distance increases. 



According to theory, the idhage and 
object distances are identical wh^n 
the object distance is twice the focal 
length. The discrepancy here may be 
due to incorrect measurement of the . 
focal length or of the object and 
image distances. 



2. Using the graph you made in Part B of this experiment, predict 
the image distance when the/)bject distance is exactly twice the focal 
length. 

According to the graph, the image distance will be (19.5 cm 

Try this experimentally on your apparatus and see how close your 
prediction was. 

Experimentally, the graph is correct. 

, i — 

3. Referring to your data for a convex lens, tell how the image 
size changes as the image distance increases. 

As the image distance increases, the height of the image also increases. 



ERIC 



155 



160 



EXPERIMENT • IMAGES AND DIVERGING LENSES 




NAME 



CL^SS HOUR 



LAB PARTNERS: 



DATE 



PURPOSE 

After having experimented with converging lenses this experiment 
will give you the opportunity to observe similarities and differences in 
the effects of diverging lenses in forming images. 

» 

PROCEDURE 

A. FINDING THE FOCAL LENGTH OF A DIVERGING LENS 




ERIC 



1. Place a low powered helium-neon laser on a table, being 
careful that it is not pointing at any mirrors or into the eyes of anyone 
in the room ► r 

2. Turn on the laser and place a diverging tens in the laser beam! 
Yqu will observe that the beam is very narrow as it comes out of the 
laser but after going through the lens, it spreads out into an ever 
widening cone. 

3. ; Hold a sheet of notebook paper against the lens. With a sharp 
pencil, trace the outline of the red spot made by the laser beahr) as it 
emerges from the lens. 

4. Move the paper 5 cm further away from the lens and again 
trace the outline of the spot that is produced. Repetat this procedure, 
increasing the distance between the fens and the paper by 5-cm 
intervals until the spot completely fills the paper. 

5. Measure the diameter of the laser beam for each position of 
the paper and record these data in the data chart. 

6. Plot a graph of beam diameter vs. distance between paper and 
lens. 

7. By extending your graph line (extrapolating), find the distance 
from the lens at which the beam diameter would be zero. This 
distance is the focal length of the diverging lens. Record it in the data 
chart. # 1^ 15l) 
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APPARATUS PREPARATION 

helium-neon laser 

diverging lens 

sheet of notebook paper 

photometer 

Students will have some difficulty in 
measuring the diameter of the laser 
beam because th^ beam decreases 
in intensity rapidly near the edges, 
making the edge fuzzy, Por this 
reason when one wishes to strive for 
better precision, the beam intensity 
IS measured with a photometer at the 
beam center Then the half-power 
points. are located at several places 
around the circumference where the 
beam is half as bright. The beam 
diameter is then defined as the dia- 
meter between half-power points. 



*8. Repeat the procedure for an additional trial or two or have 
your lab partners do it independently and ^compare the results. 

-DATA 



* TRIAL 


Distance between lens 
and paper 
(cm) 
X = 


Beam 
„ diameter 
1 (cm) 
D = 


1 


O 










3 


TjD 




4 




(1 


5 


MO 


11. 0 


6 


50 


.13.1 


7 







Focal length of lens F 



.-08 



cm 



B. FORMING IMAGES WITH A DIVERGING LENS 

/ 



\ 



1. Using a brightly lit source as an object, see if you can focus an 
image on the screen using the diverging lens. (If you encounter any 
difficulty, ask your instructor for help.) Record your observations. 

\X ts impossible to obtain a real image with a diverging lens 



2. Place your eye near the lens and look at the object through the 
lens. Instead of seeing the object you will see an image that is a 
different size than the object. 

a. Is the image larger or smaller than the objecf^ 
smaller 



b. Is the image erect or is it inverted? 



ERIC 
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EXPERIMENT 36. IMAGES AND DIVERGING LENSES 

NAME CLASS HOUR 



1. Why is it impossible to find the focal length of a diverging lens 

using the techniques given in Part A of this experlmerfi? 

^ / 
A diverging tens spreads out light. The radius of curvatu^ of the wavefront 



increase rather than decreasing to a focus. 



Object 




Enlarged 
Virtual 
Image 



Optical Arranoement of the Galileo Telescope 



2 Make a telescope using a long focal length converging lens 
and a short focal length diverging lens. Galileo discovered the secret 
of this combination, which is that the magnification it produces is 
given by the ratio, -F1/F2, where: F1 is the focal length of the objective 
and F2 is the focal Jfength of the ocular. Since the diverging lens 
always has a negative focal length, the magnification will be positive, 
indicating that the image is erect. Try this and record your 
observation below 



* 
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EXPERIMENT # 



STANDING WAVES 





NAME: 



CLASS HOUR: 



LAB PARTNERS- 



DATE 



PURPOSE 

< In this experiment you shall create standing waves in dlHerent types 
of materials and learn how to find the wavelength by measuring the 
distance between adjacent nodes. ^ 



PROCEDURE 

The general procedure for creating' standing waves in the labor- 
atory is^to send out a sgries of pulses at a constant frequency 
and then, at some distance away from the source, reflect them back 
so that they meet and interfere with the subsequent pulses This, 
creates regions where there is maximum vibration, these regions are 
separated by points of little or no vibration, called nodes. Standing 
waves reach their greatest amplitude when the effective distance 
between the source and reflector is a specific fraction of the 
wavelength or a multiple of the wavelength. 



This experiment should be done by 
students working in pairs. 

APPARATUS PREPARATION 

doorbell without gong or tape 
timer 

source of 6V AC, such as a power 
supply or a stepdown bell trans- 
former A 6V battery may also be 
^used. 
meter stick 

length of string 1 to 2 m long 
set of hooked standard masses or a 
small pan and sand or gravel that 
can be attached to the end of the 
string 

triple beam balance to measure the 
mass of the pan and load 



A. STANDING WAVES ON A STRING 



erJc 




— String 



Node 
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SUGGESTIONS AND TECHNIQUES 

1. Almost any type of string may be used to produce 
standing waves but some work better than others to produce 
well defined nodes. If any difficulty is experienced, try making 
the string a bit longer or shorter. 

2. When producing standing waves in an air column with a 
tuning fork, plastic cylinders are recommended because they 
are inexpensive and will not shatter if hit accidentally with a 
vibrating tuning fork. If glass cylinders are used, be very careful 
that the vibrating tuning fork does not touch the lip of the 
cylinder 

3. The standing waves in an air column closed at one end 
will be most pronounced when the length of the air column i^^ 
approximately 1/4, 3/4, or 5/4 that of thte sound wave. The value 
will vary somewhat with the diameter of the cylinder that is used. 
Regardless of the cylinder diameter, however, the distances 
between successive nodes (or antinodes) will always be exactly 
one-half the Wavelength of the sound wave. 

4. Microwave experiments give the best results when done 
in a large room. If the microwave transmitter is aimed at nearby 
walls, unwanted^reflections may obscure the desired signals. 
Always refer to the manufacturer's instructions and follow the 
recommeaded alignment and warm-up procedures. 



1. A^tajcti a length of string approximately 1.5 meters long to the 
clapper' of a doorbell,* and fasten the doorbell to an overhead 
support which is sufficiently high to prevent the bottom of the string 
from touching the^^oqr^t is a good Idea to remove the gong from the 
bell to preserve the sanity of those that happen to be in the immediate 
vicinity while the device is operating. 

2. Attach small weights *to the bottom of the string until the string 
vibrates in sections with clearly defined nodes when the doorbell is 
operating. Adding weights increases the tension of the string and 
causes the waves to move faster. This will increase the wavelength 
along the string without affecting the frequency of vibration.to any 
marked extent. 

3. With a meter stick, measure the distance between 2 adjacent 
nodes. This distance is equal to one half the wavelength 

4. Change the tension by putting either lighter or heavier weights 
at the end of the string until a different riumber of vibrating segments 
are produced with clearly defined nodes. In each case record the total 
amount of weight that is supplying the tension and the wavelength of 
the standing wave. * ^ 





Weight 


Distance between nodes 


Wavelength 


TRIAL 


, (neWtons) 


* (meters) 


' (meters) 






d = 


L(w) = 


1 




■033 


O.bb 


2 




O-50 


I 00 


3 




i.oo 


z.oo 


4 


— 1 — ," ' 






; 5 









ICO 
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EXPERIMENT 37.^STANDING WAVES 

NAME 



CLASS HOUR 



ERIC 



B. STANDING WAV^ OF SOUND IN AN AIR COLUMff 



Tuning fork 




Air column 



APPARATUS PREPARATION 

plastic tube such as those used to 
hold golf clubs—cut length to 0.5 
m 

glass cylinder (about 0.5 m long) 
closed at one end and filled with 
water 

meter stick 

tuning forks of different frequen- 
cies between 512 and 256 Hz 



1 Place, a long plastic tube in a cylinder of water Hold a 512-Hz 
tuning fork over the top of the plastic tube and listen to the sound. 
Raise or lower the ^ube in the water to change the length of the air 
column that the sound must travel through before being reflected 

2 Record the lengths*of the tube above water when the sound is v 
at its loudest. With a 512-Hz tuning fork, these lengths will differ by 
approximately 1 5 to 20 cm, depending upon the gir temperature in the 
laboratory. 

3 In a standing wave, the distance between any two adjacer^t 
nodes (or antinodes m this expenment) is equal to one half the * 
wavelength. Calculate the wavelength of the sound. 

4 Repeat the above procedure, substituting a tuning fork of a 
different frequency, and calculate the wavelength of the sound that it 



TRIAL 


1 


2 


3 


4 


Frequency ol 
tuning fork ^ 


5" 12: HZ 








Lengths of a>r 

animode ts pro- 
duced at top 
(meters) L 


0152. 


OziO 














Calcuiatf^'i wave- 
length ol sound 
(metersi L{w] ^ 




0.^0? 


V 
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Sample calculation of wavelength: 
A = 2(0.481 m ' 0152 m) 
- 0.658 m 



APPARATUS PREPARATION 

microwave transmitter and receiv- 
ing set 

reflector, at least 30 cm by 30 cm 
(can be made by covering card- 
board with household aluminum 
foil) 

meter stick 

Follow the manufacturer's instruc- 
tions for operating and tuning the 
microwave set. 



STANDING WAVES PRODUCED BY A MICROWAVE 
TRANSMITTING AND RECEIVING SET 



Receiver 




Microwave 
• transmitter 



Reflector 



1 Set the microwave transmitter and receiver on a laboratory 
bench so that they are side by side and are both pointing in the same 
direction. 

2. Approximately 1 meter in front of the apparatus place a large 
microwave reflector upright on the laboratory bench. This rejector 
could be a large ^vered mirror, a sheet metal plate, or a large sheet 
of aluminum wrapping foil that is stapled to a flat sheet of cardboard 
for rigidity. 

3. With the microwave apparatus operating, slowly move the 
reflecting plate ioward or away from the transmitting apparatus. As 
the reflector is mpved, the receiver will indicate variations in the 
microwave intensity as various portions of the standing wave are 
received. Record the distance between the reflecting plate and the 
receiver when there are either nodes (no sound) or antlnodes 
(maximum sound) at the receiver. The distance between successive 
nodes or antinodes should be approximately 2 to 4 cm, depending 
upon the frequency of the particular microwave apparatus, 

4. Calculate the wavelength of the microwaves, remembering 
that the distance between adjacent nodes or between adjacent 
antinodes is equal to one half the wavelength 





Distance between Reflector and Receiver (cm) 


TRIAL 


Node at 
receiver 
X(N) = 


Antinode at 
receiver 
X(A) = 


1 


/OO- SO 


/Of- 2h 


2 


/02 02. 




3 


103.53 


loH- so 


4 


Jos- OS 


/OS". So 


5 


)0(c?. SB 


/07-33 C 



Average distance between nodes d(N) = 
Averse 



distance between antinodes d(A) 
Wavelength ^ . L(W) 

J. V-/ »1( 
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EXPERIMENT 37. STANDING WAVES 



NAME. 



CLASS HOUR 



ERiC 



RELATED QUESTIONS AND SUGGESTED ACTIVITIES 

1. Compare the wavelength oi the vibrating string found by 
measuring the distance between nodes with the, theoretical wave- 
length calculated from the equation 



'm 



Sample calculation: 
F = 0.44 N 
L = 1.00 m 
m ^ 3.1 X 10^ kg 
60 Hz 

Substituting these values into the 
expression for A gives 
/\ = 0.63 m 



where: A is* the wavelength (in meters) 

F is^fKe^ weight at the bottom of the string 
(in newtons) 

L is the total length of the string (in meters) 

m is the mass of the string (in kg) 

f is the frequency of the doorbell (in Hz), 
this is about 60 Hz and can be measured 
precisely with a hand stroboscope. 



TRIAL 


1 


2 


Wavelength by measuring between nodes 

(meters) L(W) = 


m 


too 


Wavelength by substitution in equation 

(meters) ' L'(W) = 


0-51 

m 


m 


Percent, error E = 




^3/ 



2. The speed of sound in carbon dioxide i$ less than it is in air 
Predict how the waveler<9|p of sound would change if the cylinder 
were filled with carbon dioxide instead of air. Check your predictions 
by trying it. Carbon dioxide can be obtained from cylinders in the 
chemistry lab or by dropping some Dry Ice into^the water 
bottom of the cylinder. ( 
Prediction wavelength will be less in carbon dioxide. 

Experimental results 



It was confirmed that the wavelength was less, 



Percent Error quantitative resutts were not obtained. 

3. Microwaves from FM radio stations create standing waves as 
they bounce from wall to walPin a school building which has steel 
frame construction. Measure the wavelength of the broadcasts with 
the aid of a small, battery-operated FM transistor radip. Tune it to a 
v^eak station near the lower end of the dial and note the changes in 
volume as you walk about the room^Mark the locations in the room 
where the sound is the loudest. These are the antinodes of the 
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standing wavQs, and the distances between adjacent antinodes should 
be fairly equ^l. Find the wavelength by measuring the distance betvyeen 
adjacent antinodes in meters, and multiplying the result hy two. Next, 
calculate tne frequency of the station in hertz by dividing the speed of 
radio waye? ^3 0 X 10« m/sec) by the wavelength in meters. Check the 
frequericy by looking at the dial markings of the radio or by verifying 
the station's frequency and call letters. Repeat this for a station aUhe 
high ;6nd of the dial. Record your results. 



/_ 

/ 



4. Set up an experiment to make slandlMg waves in aTipple tank. 
Obtain data that will prove that the disfance between «4[acent nodes 
is half the wavelength. Record your procedure and your complete 
data. ^ 
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EXPERIMENT * ^LECTRIC FIELDS 




NAME 



CLASS HOUR 



] - 



LAB PARTNERS: 



DATE' 



■ PURPOSE * 

)n this experiment, the concept of electric field will be developed by 
Investigating the spacfe between a pair of electrodesyhat are 
connected to a source of 'direct current. 

PROCEDURE I 




■ */ ■ 

Electrodes are drawn on a special sheet of carbonized paper with 
silver ink.'When^ low-voltage dc power supply is connected across 
the electrodes, an electric field is set up and there is^a smail amount of 
curreat thro^h the paper *The carbonized paper is probed with a 
vacui/m-tube voltmeter or other high-impedance vertinfeter to show 
how the voltage is distfffeuted in the space b^ween the electrodes. 

1. About halfway down a sheet of carbonized paper, at the left 
side, draw a small circle with silver ink. Draw an identical circle at the 
right side of the paper. * ' 

2. Fasten the sheet of carbonized paper to the plotting board, 
using a tack at each corner^ 

3:) Connect the terminllls of ^ battery (3. to 10 volts) to the 
electrodes, using a tack to make contact between the battery wires 
and each electrode. 

4. G(5nnect-the negative lead of a dc voltmeter to the negative 
electrode. Probe the carbonized paper with the positive lead to find 
the places on^the paper vi^here'the meter will'indicate 1.0 yolt. 

17-^ ' 1G5 



It IS strongly recommended that stu- 
dents do this experiment individually 
}ather than in pairs or in larger 
' groups When one student is work- 
ing With the measuring equipment,)' 
th€re is v^cy little offfport unity for lad 
partners to contribute' productively^ 

Although the, consumable, supplies 
are inexpensive, a high-impedance 
voltmeter is needed for each student. 
Unless the$e meters ate available /q 
sufficient quantities, it is unlikely that 
an entire class can perform this 
experirrient dUring the same class 
period. ' ^ 

APPARATUS PREPARATION 

The carbonized paper and silver 
ink pen illustrated here are avail- 
able from Pasco Scientific. Other 
supfxiiers may have somewhat dif- 
ferent materials which can also be 
used in this experiment. 
2 s^ets of specially prepared car- 
. bqnized paper 
1 liquid silver pen 
6 taqks 

1 battery, 1.5 to 10 Vdc 
4 leads to batiery and voltmeter 
1 vacuum-tube or other^ high-jm- 
^pedance voltmeter 

Also, refer to the article "Electric 
Field-Plotting Apparatus by William 
B. Lynch in the f^ay ^ t9d1 THE 
PHYSIOS TEAOHER ,He proscribes 
inexpensive materials for doing this 
experiment. 
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SUGGESTIONS AND TECHNIQUES 

1. Special sheets of carbonized paper and silver ink pens 
have been developed by scientific 'supply companies for this 
experimjent. It is not likely that ordinary carbon paper will work. 

0 2. The voltage of the battery is not important for this 
experiment. It is advisable, however, that a large size battery be 
used because a small battery cannot maintain a steady voltage 
when small amounts of current are drawn through the carbon- 
ized paper for extended peri&ds of time. Most laboratory dc 
power supplies may be used in place of batteries. 

3. Clean the silver pen imrnediatery ^ after each use to 
prevent it from clogging. 

4. If the wires that are used to connect the battery to the 
electrodes become dull and corroded with use, shine them with 
sandpaper or emery cloth io assy re good electrical contacts. 

5. When drawing lines with silver ink. it is a good idea to 
p - em close to^the center of the sheet of paper so that the 
Ljvu near the edges of the electrodes^can be explored.^ At the 
Bamfe time, the electrodes should be drawn far enough apart sp 
that there is ample room to make mea3urements in the area 
between the electrodes. , 

6. Use a hard surface backing whfen 'drawing electrodes 
with a silver ball point pen. A soft backing will result in erratic 
action of the pen and will cause indentations jn the paper. ' 



5. On the paper, use a colored pencil or wax crayon to draw a 
continuous line connecting all of the points where the voltage was lO 
volt. 

6. Repeat steps 4 and 5 for all places where the voltage is 2.0 
^ . volts, 3.0 volts, and so forth until the positive electrode is reached. 

7. The lines that you have drawn on the carbonized paper are 
called //nes oi equipotentfal in the electric fieJd between the two 
electrodes. Describe the pattern of lines. 

The lines run across the paper from top to bottom,_They curve aroupd the 
electrodes. 

5 '- 

f 

8. On a fresh sheet of carbonized paper, draw a pair of parallel 
vertical lines with silver ink. one in the left half of the paper and the 
other in the right half. Connect the battery to the electrodes and 
repeat the procedure of steps 4 through 7 to find the pattern of 
equipotential lines between the electrodes^ How. does this pattern 
differ from the first one? 

The equipotential lines are now parallel and equally spaced. 



EXPERIMENT 38HELECTRIC FIELDS 



NAME 



CLASS HOUR 



9. Make up your own experiment by changing the shape, size, or 
distance between electrodes. Predict the^pattern that will be formed 
and then test your predictions by probing the field with a voltmeter. 
Record your predictions and test results. * 



for this activity -to be worthwhile, 
insist that the predictions be car^- 
fully written out in advance of the 
measurements. 



.RELATED PUESTIONS AND SUGGESTED ACTIVITIES 

• 1. The strength of an electric field is measured in units of volts 
per meter. The field strength at a point is found by selecting a s?cond 
point fairly close to the first and dividing the difference m voltage 
between the two points by the distance between them (measured in 
meters). Do this for several different locations on a sheet of 
carbonized paper after you have plotted the equipotential line 
patterns. Describe the variations in electric field strength that are 
observed. at vafious distances from the electrodes. 
Answer depends on shape of electrodes. In general, the field is strongest near 



an tetrode. Ho wever, it is constant between two long, parallel electrodes 
and zero ipside a region surrounded by an electee (such as a large circle- 
shaped one). \ _^ ' 



1 



2. Compare the variations that are observed in electric field 
strength between electrodes \^)^t are srhall points and between 
electrodes that are long parallel lines. 

The electric field strength varies between point electrodes; it is fairly constant 
^between electrodes that are long para1le/lines, ^ 



3. On a fresh sheet of carbonized paper, draw two large circles 
for the positive and negative electrodes. Using a battery and a 
voltmeter, probe the area between the electrodes and also probe the 
area inside the two circular electrodes. Compare the variations in 
electric fffeld strength that is found between the two electrodes with 
the variations that are found within each Qf the electrodes. 

The field strength is zero In the space ins ide one of the large circles; it varies 
somewhat between the two electrodes. 



^ 4. Near the opposite edges of a sheet of carbonized paper, draw 
two points with silver ink to serve as electrodes. Between these two 
points, near the center of the paper, draw a large circle with silver ink. 
Using a battery and voltmeter, probe the area outside the circle and 
inside the circle and compare the patterns and variations of electric 
field strength that are observed. 

Variations in the electric fipid strength are obsetyed outsidf the large circle 
but the field strength is zero inside the circle 



^ 5. The placement of the wires from the batjery and voltmeter may 
cause distortions of the field on the paper. Experiment by placing the 
wires in different positions and try to find the arrangement which will 
cause the least distortion of the pattern. What are your conclusions? 

'The effect of the lead wires is least when these wires a re perpendicular to the 
paper. Because the |y/res are not actually connected to the carbonized paper 
at^places other than the electrodes, their effect on the electric field is very 
small and at low voltages cannot be detected at all. 
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EXPERIMENT* cflARGE OF AN ELECTRON 




NAME 



CLASS HOUR 



/A 



'-I LAB PARTNERS 



DATE 



X 



PURPOSE 



\3 



r 



Robert Millikan performed an historic experiment which indicated 
that there Is a smallest unit of charge in the univense and developed 
an ingenious technique for measuring this unit of charg:e. This 
experiment Is repeated here using up-to-date laboratory equipment 
and techniques that are very similar to those used originally by 
Millikan. 



PROCEDURE 



ERIC 



Metal plates in observation 
chamber 




Reversing 
switch 



Squeeze bottle 



Var>|ble 
power 
supply 



This experiment should be done by 
students working in pairs The fab 
partners should check each other's 
voltmeter readings and computa- 
tions 

APPARATUS PREPARATION 

1 Millikan apparatus 
The apparatus may or may not be 
equipped with a variable power 
supply and a voltmeter If thesd are 
not supplied, connect'them in ac- 
cordance with the manufacturer's 
otrections 

Check the apparatus before use to be 
sure that the chamber is clean, the 
delivery tube is 'clear of obshnjctions, 
and the instrument is in perfect 
focus 



175 .1C3 



\ 



f SUGGESTIONS AND TECHNIQUES ^ 

1. If the apparatus is cool and damp before it is used, 
moisture may collect on the inner surface of the lens when the 
light is first turned on. If this happens, take apart the light 
housing, wip6 off the moisture, and wait a few minutes until the 
apparatus has thoroughly warmed up before reassembling the 
light. 

2. The microspheres are tiny latex spheres and are mixed 
with water. These spheres are almost identical in size and 
density. According to the manufacturer, the density of latex is 
1.05.x 1(P kg/ml Although the spheres in each batch are fairly 
uniform in size, a considerable variation has been found from 
batch to batch, so the actual diameters are given on each bottle. 
Spheres of diameter 1.011 X 10 -^m have a mass of 5.67 X 10 kg 
and a weight of 5.6 X 10'^^ N. If your spheres have a different 
diameter, you will have to calculate the mass. Use the 
relationship that the mass is equal to the density times the 
volume, where the volume of a sphere is (4/3)7rr3. (Don't forget 
to divide the diameter by two to get the radius.) 

3. To eject the greatest number of spheres from the 
reservoir into the chamber, squeeze the plastic bottle firmly 
while it is connected to the observation chamber but do not 
allow the bottle to expand again until the bottle and chamber are 
disconnected. If the bottle is permitted to 'expand while 
connected^ to the chamber, most of the particles will be sucked 
back again, and very few will rem^n for observation. . 

4. In a fresh solution the microspheres are easily separated, 
- but in a solution that has remained on a shelf for several months 

the microspheres sometimes clump together and coagulate, 
making experimentation impossible. If this happens, it is tiest to 
discard the solution and start with a fresh batch. 

5. When the microspheres are first ejected into the cham- 
ber, observe them for ashort time without applying any electric 
field, they should all fall at the same rate, but any spheres that 
clump together will fall faster than the rest and will give erratic 
results. Ignore these clumps when making further observations. 

6. The most impressive results will be obtained by confining 
observations to particles that have very low charges. To select 

< these, apply at least 100 V between the plates to clear out the 
highly charged particles rapidly as soon-as the latex solution has 
been injected. If this procedure should clear out the entire field, 
it means that there were probably no spheres with low charges 
present. If the eptite field i^-^eared out, squirt in another batch 
of latex spheres and start again. 

7. To be sure that a particle is held motionless, continue 
observing It for a short time and make slight readjustments to 
the voltage if it should happen.jo move. 

8. Oo not allow any latex solution to remain in the apparatus 
at the end of the experiment. As the water evaporates, the 
remaining particles tend to clump together and jam the 
apparatus. 

9. Although the distance bejween the plates In the observa- 
tion chamber is usually given by the manufacturer as 5 mnr), it is 
always a good idea to check this plate separation before using 
the apparatus for the first time. During mass njanufacttire of 
apparatus, individual variations from the nominal value are often 

I observed. > 



EXPERIMENT 39. CHARGE OF AN ELECTRON • 

NAME * ^ CLASS HOUR 



Jhe general procedure in performing the Millikan experiment is to 
observe a tiny charged particle as it falls in air under the influence of 
gravity. Then, as the particle is falling, an electric field is applied 
which produces an electric force on the particle in the upward 
direction. The field strength is adjusted until the gravitational force Fg 
4s equal to the electric force Feand the particle is held motionless The 
grav^ational force is the weight of a small latex microsphere. The 
eiectnc force is the product of the charge on the microsphere 
multiplied by the electric field strength -Thus, when the two forces are 
balanced in the apparatus, 

mg = qE 

where 

m IS \he mass of a microsphere 

le acceleration due to gravity 

q 16 the charge on the microsphere 

E IS the electric field strength 

required to hold the microsphere 
motionless 

To solve for q, we rearrange the above equation 



mg 



^\J^urn on the light that illuminates the central chamber. 

2. Squeeze the bottle which contains the supply of latex 
microspheres so that a quantity of microspheres will be expelled into 
the observation chamber. The act of squeezing the bottle causes 
friction which applies various amounts of electric charge to each 
microsphere, just as a comb is charged when you ruru^through your 
hair. 

3. Observe the illuminated particles in the chamber through the 
microscope aperture as the particles siowly fall under the influence 
of gravity. Since a microscope usually inverts the image, the particles . 
may appear to be falling upward. 

4 Apply an electric field Qf about 20,000 volts per meter tp the 
chamber. This can be dbne b^ applying a voltage of 100 volts between 
the metallic plates at the top and bottom of the chamber if the plates 
ar^ 5 mm apart. It the apparatus does not already have a voltmeter 
(=*> and power supply incorporated, it will be necessary to connect a 

/ o ^ * voltmeter and variable DC power supply to the plates for this purpose. 
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5. Observe the movement of the particles the instant that the 
electric field is applied. The particles which happen to be positively 
charged will rush in the direction of the electric field toward the 
negative plate, whereas the particles that happen to be negatively 
charged will move in the opposite direction, toward the positive plat^. 
The highly charged particles will experience the greatest force and 
will rapidly, move out of the field of* view. However, the desired 
particles— those with smaller amounts of charge— will move very 
slowly and will remain in the field of view for a considerable length of 
time. 

6. Focus on one of the most slowly moving particles in the field of 
view. By adjusting the voltage and operating the voltage reversing 
switch, if necessary, keep the particle absolutely motion less. /lecord 

* the voltage in the data chart. 

7. Calculate the charge on the microsphere by lismg the 
equation 



^ Q = mg 

\ 



The electric field E betweeVtWo flat, parallel charged plates equals 
the voltage V between the plates divided by the separation d of the 
plates, so 



q^mg 



(V/d) 

The charge q will come out in coulombs if 

m IS in kilograms (see Suggestions and Techniques) 

9 IS 9 8 m/sec2 

V IS in volts 

d IS in meters. 

/ 

8. Repeat the procedures given above, selecting additional 
microspheres for observation each time and calculating the charges 
by the same method. Do this at least twenty times 

9. In the second data chart, arrange your results in sequence, 
listing the smallest charge first and the greatest last 
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EXPERIMENT 39. CHARGE OF AN ELECTRON 

NAME 



CL6.SS HOUR 



DATA 



ERIC 



Sphere 



Distance between plates, d = '5^\0 



m 



diameter. Dia = /«0f| m 



mass, m 



weight, mg = S^loJ<lO_^^ 



Trial 


V 

(V) 


-7 

(V/m) 


mg 
(C) 




Charge'data listed in order 
s of increasing value 


1 


7? 


l(o 


3-5 f 


1 /•9xyo~''^c 


2 


1? 






2 /.9 x/0''^C 


3 




^' 


ZO 




i 4 


} 




/3 ■ 




j 

! 5 




to 




5 3-5 X /O C 


i i 

t 

1 6 










7 






/•9 


7 3-5 xio '^C 


8 




30 


/•9 




9 




?0 


7-0 




10 


25 


$0 




10 7-0 xlO 'X 


11 


75 


90 




11 u ^ ^ 


12 


2.5 


5.0 


// 




13 


1/S"C? 


30 


/•9 


13 iSxlO'^^'C 


14 


20 


^-O 


N 




- 15 




^O 


H 




. 16 


2.5 




li 


16 IMkIO-'^C 


17 ' 


79 






17 l(i9X 


18 










18 " » 


. 19 




f 






19 


20 










20 " , . 
1 ^ 
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r/7e precision of the charge values is 
hmited by the precisior) of the value 
for the distance between plates. 



15- 



o 

X 



to 



i 5 



® 



^0 



0^® I 



_j. 1 1 i i .i — i — I. 



t ' ' ' ' » 



5 10 15 
Order of hsti nq 



RELATED QUESTIONS AND ACTIVITIES 

1. Use the data table in which the charges on the microspheres 
are arranged in sequence to plot a graph. The vertical axis sho6Tti 
indicate the charge and the horizontal axis should indicate the order 
of listing, f!;om 1 to 20 (or more), txacnine the graph to see whether it 
indicates a smooth progression of charge that could be infinitely 
divisible into smaller and smaller charges or whether it indicates a 
quantized (step-wise) progression in which increases of charge are 
always whole-number multiples of ^ome basic unit of charge. If 
quantization is indicated, what would be your value for the basic unit 
of electric charge? 

q(e) = W coulomb 

The accepted value of the charge of a single electron is 1.6 X 10"^^ 
coulomb. Compace your value for the basi^c unit of charge to the^ 
accepted value of the charge of an electron. 

% error E =The value obtained from the data equals the ' accepted value 
within a 12% experimental error. ' 



2. Although expense laboratory voltmeters sometimes indicate 
precise voltage readings; they are often improperly calibrated, giving 
inaccurate readings. Suppose your voltmeter indicated voltages that 
were consistently 10 volts too high. Tell how this would affect your 
results. 

The calculated charge values would be smaller. 



3. Reexamine your data for discrepancies between your results 
and the accepted value. If they could be accounted for by improper 
voltmeter calibration, check your voltmeter against a voltage standard 
(such as a fresh mercury battery) and record your findings, 
« 

The voltmeter readings were all too high by approximately 2% 



4. The precision of the results can be no better than the precision 
that can be obtained with the voltmeter and voltage control circuit. 
Determine what this precision is by adjusting the voltage so that a 
sphere hangs motionless and then finding the smallest voltage which 
will cause the sphere to move. 

The voltage could be adjusted by ±2 volts before the sphere would move. 
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EXPERIMENT* 



OHM'S LAW 




NAME 



CLASS HOUR 



LAB PARTNERS 



DATE 



PURPOSE 

Ohm's Law expresses the relationships among voltage, current, and 
resistance In an electric circuit, in this experiment, these relationships 
will t>e investigated with the aid of an ammeter and a voltmeter. 



PROCEDURE 











Voltage 








source 









ERIC 



The generar procedure to be followed m this investigation is to 
connect a resistor to a DC voltage source and measurathe current m 
the circuit as the voltage is changed. The source may b^either a 
variable DC pov\^er supply or a set of dry cells 

1. Connect the output of a DC voltage source to a circuit 
consisting of a switch, a DC ammeter, and a resistor, as shown in the 
diagram. Be sure that the positive side of the ammeter is closer to the 
positive side of the voltage source in the circuit. Do .not connect the 
voltmeter to the circuit at this time. 

2. Have the instructor check your circuit before closing the 
switch to be sure that there are no shorts and that the connections to 
the ammeter are made correctly. • ^ 

3. Check that the circuit is operating properly by observing the 
ammeter when the switch is closed. The pointer should move to the 
right to indicate that there is current in the circuit.' 

4. donnect the leads of a DC voltmeter across the resistor, 
making sure that the positive terminal of the voltmeter is closer to the 
positive terminal of the voltage source. If dry cells or^a low-voltage 
power supply is used, the voltmeter connection may be made without 
danger while there is current in the circuit. The voltmeter wiU indicate 
the voltage across the resistor. When you are certain that the circuit is 
properly connected and that all connections are. tight, open the 
switch to shut off the current and prepare to take data 

5. With the voltage source set to produce the minimum voltage 
that will cause deflections on the electric meters, close the" switch and 

1 
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This experiment should be done by 
students working in groups of two or 
three. It is very difficult for students 
to work alone because of the many 
manipulations and recordings that 
are required. 

It IS strongly recommended that the* 
voltages be low enough to prevent 
overheating, yet high enough to per- 
mit midscale readings on the am- 
meters and voltmeters that are avail- 
able 

Although tirfie can be saved ifjhe 
instructor connects the gomplet^ctr- 
cuit before the students start work, 
much can be learned by allowing the 
\ students to flounder about somewhat 
and gam first-hand experience of 
their own in connecting circuits. 

It IS also a good idea to equip the lab 
with rugged diode-protected meters 
which can take a small amount of 
student abuse. 

APPARATUS PREPARATION 

1 resistor, 25 to 200 ohms 
. ) DC ammeter 
1 DC voltmeter 
1 DC battery or power supply 
1 single-pole switch wir^ 



SUGGESTIONS AND TECHNIQUES 



1. It is important to have an instructor check your circuits 
the first time to be sure that they are properly connected. If the 
ammeter is connected improperly, it can be seriously damaged 
and can require expensive repairs. 

2, Be sure that the pointers of your electric meters are on 
zero before the circuit is activated. If the pointers are not on 
zero, either adjust the meters before proceeding or note the 
amount of error so that it may be added or subtracted to the 
subsequent readings. 

' 3. To avoid parallax, read thp meters with only one eye open 
and positioned directly above the pointer. 

4. Open the switch after each set of readings so that there is 
current- in the circuit for the least possible amount of time. This 
precaution reduces the possibility of the resistor becoming hot 
and changing resistance d^urlng the experiment. 



read the ammeter and voltmeter as quickly as possible without 
sacrificing precision and accuracy. Open tfje switch and record these 
readings in the data chart. 

6. Adjust the voltage source so that i!§^oltage is increased in 
small steps. At each step, open the switch and record the readings of 
the ammeter and voltmeter. 

7. Make a graph of current vs. voltage from your data. 

DATA 




O 5 to 15 20 
Voltage Cv/; 



ERLC 



TRIAL 


Voltage V = 
(V) 


Current / = 


Calculated Resistance 

R = V 
1 

n 


1 


. II 




3S 


2 


' It 


0.3\ 


3^ 


3 


13 ' 


0-3M 


38 


4 


H ' 




3^ 


; 5 


Ih 


0.^1 


39 


6 


17 


0.M3 




7 








8 








9 








10 








11 










1 QO 






EXPERIMENT 40. OHM'S LAW 



NAME 



RELATED QUESTIONS AND SUGGESTED .ACTIVITIES 

1. Examine your graph and state the relationship which exists 
between the curreiQt^d voltage in the^circuit. 

The current is directly proportional to the voltage. ^ 



2. For each set of data that you have recorded in the data chart, 
calculate the resistance by dividing the voltage (m volts) by the 
current (in amperes). Enter these calculations in the third column of 
the data chart. As the voltage is increased, does the calculated 
resistance increase, decrease, or stay the same'^ * ? 

As the voltage increased, the calculated resistance also increased, but at a 
much sm aller rate than the current in the circuit The slight increase in 
resistance a t higher voltages was probably due to an increase in temperature 
of the resistor , ^ 

3 When the meters are connected m accordance with the 
instructions, a sniall pocJipnyDf the current indicated by the ammeter 
IS routed through the voltmeterAcausing erroneous results To avoid 
this, try the alternate circuit s/iown below Here, the ammeter will 
always give correct readings but the voltmeter indication will be high 
because the voltmeter is across both' the ammeter and resistar^ 
instead of across the resistance alone Compare your data taken with 
the two alternate circuit configurations-^ 



Althou gh these- changes of connection are significant v^hen very sensitive 
meters are used for making the readings, the comparatively inexpensive 
arnmeters and ^voltmeters which are used m most schools are not sensitive 



enough to detect these differences. 



Voltage 
source 



+ 






Voltage 


Current 


Resistance 




(V) 


(A) 








0.63 


6 


f 


O 


0.78 


8 




Q 

a 


0.88 






W 


0.98 


70 




•f o 

12 


•i AO 

/.uo 


11 




14 




12 




16 


f.25 


13 



^Nichrome wire may be purchased 
'from 'scientific supply companies. 
The wire that was used to obtain the 
data in the table was obtained from a 
hardware store as a replacement 
heatir]ff element. 



Although nichrome has a large re- 
sistance compared with wires of 
other material, a short section has a 
resistance of less than one ohm. To 
obtain this data, a 25-ohm resistor 
was connected in series with the 
nichrome wire to limit the current in 
the circuit and prevent the wire from 
getting hot. 



4. Repeat the experiment, replacing the resistor by (a) a 
low-vditage bulb, such as a flashlight bulb; (b) a junction diode. In 
each casQ, take voltage-current data as different voltages are applied 
and describe what happens to the resistance of the bulb or diode as 
increasing amounts of current pass through it. 

The voltage-current data at the left were take n when the resistor was replaced 
by a SOW ordinary household light bulb. The data indicate that the resistance 
of a light bulb is greater when there is more current throfjgh the. bulb a nd its 
temperature is higher. 



5. Connect a 1-meter length of nichrome wire, an ammeter, and a 
switch to the terminals of a low-voltage power supply Connect the 
negative terminal of a voltmeter to the negative side of the wire and 
clip the positive voltmeter lead to the resistance wire so that there is 5 
cm of wire between the \v/o voltmeter leads. Record the voltmeter 
reading and the ammeter reading. Increase the dist9nce between the 
voltmeter leads in 5-cm steps, recording the meter readings at each 
step. Graph the data and examine it carefull^ statir^g any relevant 
conclusions that may be drawn. 



20 - 



to 



ERIC 



oiif^ (cm) 



Assuming the resistance the/ 25- 
ohm resistor, the connections^ and^ 
the leads remains constant about/ 
25 ohms, we see ttxaUHe resistance 
of the nichrome wire is direct y 
proportional to the length of the wir^. • 



TRIAL 


Length of wire 
(cm) 
L = ■ 


Current 

(A) 

1 =, 


Voltage 
(V) 
V = 


Calculated resistance 
12 

R = 


1 


5 


0-00800 


ozo 




2 


10 


O-0O7<?S 


O.2.0 




3 


15 


O-0O7«Z 


o.zo 




4 


%0 


O-OO7I0 


0.10 




5 


Z5 


O 00775 


0. XO/ 




6 


30 


OO0770 


0- ZO 




7 . 


35 


O-OO7?0 


0..ZO 


2.7 


8 


. HO 


0 007*^5^ 


0:Z0 


2.7 


9 


H5 


O- 007^/0 


0. 2.0 


Z7 




60 


0-00735 


0. ZO- 


. 2.7^ 




SS 


oooizs 


Q.2.0' 


2? 




bO 


000720 


0. ZO 






4>5 


0 O 01 2jO 


0. ZO 




14 


■ 70 




.0. ZO 




15 


75 


O 00 7/0 


0. ZO 


Z? 


16 


80 


O OO 701 


O. 2.0 


,2 3 


17 


6S 


O OO 7O0 


O.zo 




18 




0-OOIeflS 


^ O.zo 


z^ 


19 




O OO fc>**o 


o.-zo 


z«> • 


20 


loo 


OOClffSZ 


o.-io 


%^ ' 
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EXPERIMENT* SERIES CIRCUITS 





CLASS HOUR 



LAB^PARTNERS 



DATE 





> 



PURPOSE . , ^• 

Combinations of resistors in series circuits are used in modern This experiment should be done t)/ 
electronic devices from simple swltche^jo complex analog com- students w6rkjng individually or in 
puters. The principles of operation of *many devices are easily ^^"'^ 

understood by examining the relationships* between resistance, „ ^^^^ likely that students unfamil- 
current, and voltage in basic- series cirdults. ^ - ./a^ ^^^^ c/rci//r hookups can com- 

^plefe this entire etperim^nt in a' 
^ " ' conventional laboratory session, be- 

A cause a great deal of manipulation is 

required for each of the meter read- 
ings. Although it is- always preferable 
to do all calculations in the labora- 
tory, so that questionable data can 
be rechecked, a great deal of lab tirne 
can be saved by allowing students to 
do the data analysis as^ homework 
assignment, 

APPARATUS PREPARATION 

3 resistors 15 ohms, 25 ohms, and 

50 ohms (each 2 to 10 W) 
6 cUp leads, each 20 cm long with 

an alligator , clip at each end 
1 DC ammeter - 
1 DC voltmeter . . . ' 
) ' 1 single-pole switch 

1 battery or 6VDC power supply- 
Much time and wear en the equip- 
ment can be $aved by permanently 
* ' mountin^three resistors on a small 
bloqk of v/ood and identifying the* 
resistors as Ri, Rz and Rs br having 
th^ir resistances cleai^ marked. 




_R2 

-<>-VSA/-0- 




R3 

— o^wv-o— 
I 




0 



y^. Connect fhree^ resistors in series witfi ^ switch and a-Jow- 
voltage^ source, ^s sl)jown in the diagram. If/ four ammeters are 
availabte. thev<^snould be'connected in the cirquit simultaneously to 
measures the currenf in the different parts of the circuit. If only one 
amm'eter is available, 'it shcl^ufd >be connected in one of .the four 
sitions with clip leads corhpletuM the conn^ections at the other 
hree positiorfS. CIpse the sWijlbh-ai^ecord the current at each of the 
four locations in the series qf'cuit. 

2. Wi.th the switch ctoseq and current in th^ circuit, touch the 
voltmeter leads to thfe endS; of resistor Ri, making sure-that the . 
positive voltmeter lead is'cfo'^er to the positive terminal of , the voltage*, 
source. Record' the voltmetejr reading and repeat this procedure to* 
find.the voltages across resistprsBaand R3 and the totalvoltage which 
'''-'ip being produced by t|ie vt(ltage Bource^ 



SUGGESTIONS AND TECI^NIQUES 

1. Remember to check the zero settings^ of all electric 
meters before they are connected into circuits. If the pointers 
are not on zero, reset them or record the amount of error so that 
it may be taken into account when recording readings. 

2. Avoid parallax when reading rneters by holding your eye 
directly above the pointer. 

3. Before turning on the current, make sure that all 
connections are tight. Have the circuit checked by the inst'ruc- 
tor. 

'*^"4:'Turn off the current innmediately after making each 
reading to conserve batteries and to minimize6ny changes in 
resistance Which might be caused by the heating etfect of the 
electric current. 

'5. If the ammeter or voltmeter has several ranges, prevent 
damage to the meter by connecting, it so'tti^t it operates at its 
greatest range. Read the meter to be sure that it is safe to switch 
to one of the lower ranges. Ror greatest accuracy/ select the 
range which will give a meter reading neaj/the center of 'the 
scale 



DATA 

Norfiinal .values of known resistors 

Resistor Ri * ^ 

25 



Resistor R2 
Resistor R3 



50 




Resistor 

/A 


Current 
Ammeter readings 
(Amps) 1 = 


Voltage * 
Voltmeter readings 
(Volts) V = 


■> s Resistance 
R = V/l 
(Ohms) R = 


R1 = 


®= 10 




RI = 1 5 " 


R2= 


@= 10 


@^ ZH 


'R2 = ZM 


R3= 


@= '10 . 




R3? ^7 • 


Battery 
B = 


' @="io 


@ 6.b " 


(Totat) , 


4 
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EXPERIMENT 41. SERIES CIRCUITS ^ ^ 



NAME . ' CLASS HOUR 
• ^ 



RELATED QUESTIONS AND SUGGESTED ACTIVITIES 

1. If the individual resistances of the three resistors are not 
'z-^ known, measure them with an ohmmeter or by using the anrHDeter- 
. voltmeter method described in the previous experiment, f^ecordlthese 
values bfelcw. ^ 

Ri~ 15 ohms ^ R2- 25 ohms R3 - 50 ohms * ^ 



2, The current leaving any circuit element (such as a battery'or 
resistor) mus^ be exactly the same as the current entering it. How '60 
the readings of the ammeters in your series circuit illustrate this 
principle'?^ . ' _ _ . _ * _ 

The ammeter readings are ^identical in each case 



\ 

3. The power (voltage times current) that is supplied by the 
voltage source must equal the sum of the od^er, losses {FR) in each of 
tt)e resistors. Using your data for the sefies circuit, calculate the 
power supplied by the source and the power lost by each of the three 
resistors. If the power supplied by the source and the power lost 
through tite three resistors are not identical calculate your per- 
centage error. ' ' 

Pi = hVi = 15W 



P2= l2V2= 24W , 






fi3= t3V3^ .47W 




< 

- — — 





4. In A series circuit the sum of the voltages across thelndjvjdual 
resistors should be equal to the voltgge that is supplied by the sOMrce. 
Verify this principle by examining your data and calculate tlie 
percentage error. - 

15 + 24 + 47 = 86 

Within two significant figures, there Is no ^rror. V 



131 . 

187 



V 
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EXPERIMENt • PARALLEL CIRCUITS 




NAME 



LAB PARTNERS 




CLASS MpUR 



^DATE 



PURPOSE 

In this experiment you will find out how the voltages and currents In a 
parallel circuit differ from those previously found In the series circuit 
containing the sam^^ elements. 




E/ery student should have an oppor- 
tunity to hook up the circuit by 
following the circuit diagram. Most 
students experienpe difficulty at first, st 
but improve after a f0w trials. 



PARATUS PREPARATION 



3 rests tors 1. 15 ohms, 25 ohms, and 
50 ohms (each 2 to 10 W) 

6 alligator clip leads, each 20 cm 
long. 
1 DC ammeter 
1 DC voltmeter 
1 smglet'pole. switch 
1 battery or 6VDC power suf> 

The same, apparatus is useful for this 
experiment and for the previous ex- 
periment on series circuits. ^ 



t 

1; Connect the three resistors in parallel ^ith the switch and the 
'*low-voltage source, as shown in the diagram. If four ammeters are 
available, connect them in the positions shown. If only one is 
available, connect it in each^f the positions in turn, substituting clip 
leads for the other three. \ - ' 
^ 2 Connect the voltmeter leads to th? output terminals of the 
• voltage source, making sure that the positive voltmeter lead is 
conr^ected to*the positive ter-minat of the voltage source. Record the 
ammeter readings In each of the four positions designated in the 

* circuit. Before making each reading, che^ the voltmeter to be sure 

* that the voltage of the source has not changed. 

3. Record the voltage across the output terminals of the voltage 
* " source and then move the voltmeter leads across each of thq three 
Q resistors in turn. Record all the readings in the data chart. 



^ DATA 



Besistor 
Nominal 
value (Ohms) 


Current (1) 
(Amps) 


Voltage (V) 
(Volts) 


Resistance (R1) 

Calculated 
value (Ohms) 




n = .35 


VI =5-2 


Rr m 


R2=25- 


^ I2 = .!q 


V2-S-2.' 




R3 = SO 


I3=.10 


V3 = 5.Z 


- . R3'=52 


"Total R 
R1 - R2 + R3 
RT=90 


14 = ,,(^5 


V4 = 5.2 


Total R' 
R' = I4A/4 , 
R'T=W 



RELATED QUESTIONS AND SUGGESTED ACTIVITIES 

1. From your data chart, what do you notice about the values of 
the voltages across the three resistors {V1, V2, V3) and the tojal 
voltage (V4)? 

All of the voltages are identical regardless of where they were measured. 



2. From your data chart, what do you notice about the values of 
the currents in the three resistors (11, 12, 13) and the total current (14)? 

l4(.65Afis almost equal to the sum of h, ^nd h(.64A) 



3. Show that the.power supplied by the source (14 times V4) is 
equal to the sum of the power lost by the individual resistors (11) (V1) 
(12) (V2) ^ (13) (V3). If these'valuesare not identical, calculate your 
percentage error. . * . 

/rUT= l.35A)(S.2V) = 1£2W I UVa^ C65A)(5.2V) 

l2V2= (.19A')(5.2V) = .99W = 3.3dW 

hVs^ (.10A)(5,2V) = .52W ' 



% error = 3.38W — 3,33W 



3.38W 



X 100 = 1 5% 
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EXPERIMENT 42. PARALLEL CIRCUITS 

NAME CLASS HOUR 



4. When there is a junction oftSeveral wires in a circuit, the sum of 
the currents going into the junction must be identical to th&t of the 
currents coming out. Refer to your data for the parallel circuit and t^ll 
how this principle is illustrated at fhe junction of the four ammeters. 

The currents from Ai, A2, and^go into the functiqn (.65A) and (,64A) comes 
out. Smce the last digit is estimated, it is' Ukely that the same current that 
goes into* the junction also ^omes out ' ' 



5 In a circuit with branches, if you start at the positive terminal of 
the voltage source and follow the circuit Jthrough any of its branches 
until you come to the negative terminal of the voltage source, the total 
of the voltages that are encountered must be exactly equal to that 
supplied by the source Venfy this principle by examining your data 
for the parallel crrcuit and calculate the percentage error. 

' (25A) (14 9Q) = 5ZV ^ , ' - > 

(19A)(27 4{» ^ 6.2V. " ' / ^ 



( lOA)(52n} = 5.2V 



To 2 Significant digits, the error is zero 



/ 
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EXPERIMENT • 



ELECTRICAL EQUIVALENT OF HEAT 





NAME' 



CLASS HOUR 



LAB PARTNERS 



DATE 



PURPOSE 

In this experiment electrical energy will be converted to beat, and the 
efficiency of the apparatus that makes this conversion will be 
determined. 

PROCEDURE 



r<^> 



^4/ nJ/ 

To*source of 
20 to 30 volts 



immerston 
heating coi 



StyrcJfoam cup 




Thermbmeter' 



Water 



The general procedure is to put a known^amount of.electrical energy 
mta a heating coil which is imjnersed in water and find the annount of 
heat that \s ab$orbed by the water. " ( 



Data 

^ En\ry 

1. Weigh a Styrofoam cup and enter its mass Row A 

2. Place abo.ut 200g of cold water in-the cup. weigh it, and ^nter 
the mass of the cup and water ; — Row B 

3. Place the heating coil in the cup making sure that it is 
completely submerged in the water 

4. 'Connect a source of 20 to 30 volts AC or DC to the terminals of 
the heating coiL In serfes with one of the power leads connect' an 
ammeter (AC or DC depending on the power source) having a ran^e 
of 0 to 3 A. . r 

5. Connect a voltmeter across'the terminals of the heating coil. 
Thd voltmeter range shotlld be suit<J>le for monitoring the AC or DC 



This experiment should be done by 
at least two students working to- 
gether. It IS much too difficult for 
students working alone to tak§ all of 
the necessary readings., 

APPARATUS PREPARATION 

2 Styrofoam cups (one inside the 
other to give additional insula- 
tion) 

^ 1 immersion heatmg-coil 

1 ammeter (range 0 to 3A) AC or 

DC, depending on power source 
1 voltmeter (range 20 to 30 V) AC 

or DC, depending on power 

source 

1 thermometer, range 0 to 10CPC 
1 triple beam balance 

Although commercial apparatus for 
this equipment is available from sci- 
entific supply companies, excellent 
results can be obtained by using 
one-dollar immersion heaters sold in 
drug and hardware stores for heating 
jingle cups of hot water These, 
combined with disposable Styrofoam 
cups, provided excellent results: 
such as those gihn in the sample 
data ^ ^ 

Although these coils y^l work with 
120 VAC, heating is much too rapid 
in the aredcGurrounding the coil, and- 
thorough mixing of the water is 
impossible. The optimum voltage is 
about 30 VAC and can^ be obtained 
with an AC power supply, a variac, or ^ 
by connecting an electric llgh^bulb 
of the right size^in serfes with the coil.* 



norwt 



The most important of these sug- 
gestions IS number 6. The water must 
"I be thoroughly stirred before §ach ' 

j temperature reading is attempted. 

\The rest of the suggestions are not 
nberly as important for obtaining 
good experimental results. 

V 

Also be sure to caution the students 
that inexpensive immersion heaters 
should never be plugged in unless 
the coil IS covered with water With- 
out a water covering, heat build-Up 
will burn out the coil in a few' 
minutes. 



SUGGESTIONS AND TECHNIQUeI ^ - ' 

1. To minimize heat transfer between the water in the cup 
and the.air in the laboratory, try using two Styrofoam cups, on^ 
inside the other, and keep the apparatus covered during the 
entire period that the water is being heated. 

2 To minimize heat losses in the connecting wires, use 
heavy wires and keep them as short as possible. * 

" 3. Good results are obtained with an inexpensive immersion 
heater. The ^ype that is usually sold in hardv^are and variety 
stores for heating a^-smgle cup of coffee works well. 

4. Unless the water from the tap is very cold, pour water 
from a pitcher of ice water, making sure that no chunks of ice are 
transferred. ^ 

5. Make sure that the thermometer does not touch the 
heating coil. 

6. Stir the water in the Styrofoam cup nmmediately before 
taking each temperature reading. Failure to do this will -give 
erroneous results because hot and cold water pockets are 
formed m th^ijup during the heating prccess" ^' ^~ 

7. This experiment may be done with either alternating or 
direct current but be^ure that the voltmeter and the ammeter are 
the correct types for the current used. 

8. Be sure to avoid accidental grounds when dealing with 
power supplies and water If the lab is not specially wired to 
prevent accidental grounds, you could receive a shock by 
touching a v^ter pipe or gas jet at the same time you are 
handling the apparatus 




6 Place a thermometer in the water^ turn on the power supply 
'and allow ab.out a minute for the apparatus to warm up before taking 
any /neasur-^ments 

- 7 Start the experiment by stirring the water Then, as quickly as 
possible, enter the following in the data chart 

The initial temperature of the water Row D 

The smarting time Row G 

The ammeter reading Row K 

The. voltmeter reading Row L 

8. Allow the apparatus to operate until the temperature of the 
water is as hrgh above the room temperatui^ as it was below the r^om 
temperature at the start of the experiment Stir the water, check that 
the readings of the ammeter and v^lpneter have not changed, and 
then as quickly as possible enter toe following in the data chart: 

The final temperature of the watCT-. . Row E 

The tirtie at the end of the tnaU Row H 

'*/*At this point, if the computer program for this experiment is 
available, enter the data into fhe computer for pcocessing ^d 
verification. * ♦ * 

1 o/» 
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EXPERIMENT 43. ELECTRICAL EQUIVALENT OF HEAT 

NAME 



CLASS HOUR 



Row 


Data Entry 




TRIAL 


* 




.1 




A. 


Mass of cup (grams) 


m(c) = 


5 




B. 


Mass of cup + water (grams) 


m(c w) = 


/38 




C. 


Calc. mass pf^ater (grams) 


m(w) = 


133 




D. 


Initial temp, of water (°C) 


T(i) = 


Zl-O 




E' 


Final temp, of water (^) 


T(f) = 


507 




F 


Calc. increase of water temp. 


T = 


l^f 




G. 


Starting time 


t(i) = 


/:03 




H 


Ending time . ' ^_ ^ 


ia)..= 


/.75 




1 


Gale total time (sec) 


t = 


720 




J 


Calc. heat absorbed (calories) 


Q = 


3950 




K. 


Ammeter reading (amps) - 1 =• 


01^ 




t. 


Voltmeter reading (volts) 


V = 


30.0 




M. 


Calc. electric energy ()Oules) 


E = 






N 


Calc. elect equiv. of heat, 


J/cal = 






0 


Efficiency of heater (%) 


Eff = 


q7.8 





CALCULATIONS. 

Whether or not the computer program for this experil^eTit is a 
available, perform the following calculations and enter the results in'^ 
the specified row of the data c>iart. 

1 Calcinate the mass of the water in the cup by subtracting the 
mass of the cup from the combined mass of the cup and 
water Row C 

2. ^Calculate the increase in temperature by subtracting the initial 
temperatur.e from the final temperature Row F 

3. Calculate the time interval during which the heating took place 
by subtracting the initial fime from the final time Row I 

4 Calculate the number of calories pf heat energy absorbed by 
the water by multiplying the mass of trib water. by its^change in 
temperature % Rovi( J 

5. Calculate the number of joules of electnc energy that were 
consumed by multiplying the volts, amperes, ^and the time in 
seconds v Row M 



6. Calculate the electrical equivalent of h6at (the number of 
joules of electric energy to supply one calorie of heat energy to the 
water) by dividing the^oules by the calories Row N 

7. Calculate the efficiency of the heater to convert all of \fie 
electric energy into heat energy. Use the relationship: 

Eff = Q X 4.19 J/cal ^ 

X 100% — Row O 

Electric Energy 

RELIED QUESHONS AND SUGGESTED ACTIVITIES 

1 . the accepted value for the electrical equivalent of heat is 4.19 
J/cal, Compare the value that, you calculated with the accepted value 
and calculate the percentage error. 
U4.25 J/c - 4.19 J/c)/4.19 J/c ' ^ KXjP/o = 7.43%" 

i t 



2. In this experiment (no allowance was made for the heating of 
the thermometer. How djti this oversight affect the ^alue of the 
electrical equivalent of j(ea\ that you calculated^ 

The actual amount of h&at absorbed by the water should have been greater, 

— ^ . 

givmg a value that is closer to the ideal 

/, 

3. Compare >the -electrical equivalent of heat that you obtained 
with the values that were obtained independently by other rhembers 
of the class. If the values obtained ^ the laboratory were consistently 
higher or consistently lower than the accepted value, analyze the 
procedures carefully and try to pinpiDint the major systematic errors 
in the apparatus or in the procedure which were responsible 

All values are higher than accepted values Some heat ^as absorbed by 



t\r, 



thermorrtetvr, containers and surroundings. 



4. Repeat the experiment taking the temperature of the water 
every 30 seconds while it is being heated by the coil. Make a graph of 
the temperature vs. time* If the water is being heated uniformly, the 
graph should be a straight line. Account for any deviations from the 

straight line in your graph. , 

^ i ^ , i The graph line 

TIME ^4Mf> C Time FEMP C starts out straight 



0 


22. C? 
23-5 


2.qo 
3oo 


330 
3b O 


'^S-O but starts to flatten 
Hl O 3' top due to heat 


IZO 


no 

32.0 


■3bO 

^20 


3hi 

W o 


son , 

V 



5. Compare the efficiencies of these inexpensive heating coils 
with" those of the more expensive elisctric coffee percolators. 
Summarize your results belovy ^nd attach <a copy of your detailed 
test procedures and data. 

ft 




■ ^ 
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EXPERIMENT • RESONANCE IN ELECTRIC CIRCUITS 





NAME 



CLASS HOUR 



LAB PARTNERS 



DATE 



ERIC 



PURPOSE 

4ust as large-amplitude vibrations are produced in mechanical 
objects when energy is added at their natural resonant frequencies, 
resonances are also produced in circuits when energy is ladded at the 
correct frequency. In this experiment the resonant frequency of a 
circuit containing inductors and capacitors will be investigated. 

J PROCEDURE 



Lamp with 
6V bulb 



Audio 
oscjilator 




Audio 
ampliffer 







Voltmeter 
or 

oscilloscope 




Capacitor 
(O.Stol.O^F) 




Voltmeter 
or 

oscilloscope" 



Coil 
(2 to 
4 mH) 



1 Connect the output of an audio oscillator. to an audio amplifier 
Across the output terminals of the amplifier, connect a lamp, a coil, 
and a capacitor in series, as shown in the diagram Shorting switches 
or cirp feads should be connected across the coil and capacitor so 
that they may be easily by-passed when desired. 

2 Connect an AC voltmeter or an oscilloscope across the output 
terminals -of the audio amplifier to monitor the output level of the 
amplifier. Connect a second AC voltmeter or oscilloscope across the 
terminals of the lamp to provide quantitative data across the load 

^ 3. Close the shorting switches or connect clip leads across the 
coil and capacitor. Turn on the audio oscillator and amplifier, and 
adjust the amplifier output so that the bulb filament is lit with 
reasor>abtle brilliance. Record the level of the amplifier output that is 
indicated on the voltmeter or oscilloscope corinected across its 
terminals. Dgring. the steps which follow, if" riay be necessary' tp 
/eadjust the amplifier output or volume control from time^to time to 
maintain the same level at the output terminate. 
/ 4 Set the audio oscillator to produce ^frequency of 2 kHz. 
Increase the frequency to 15 kHz in 0.5-kHz steps, observing the lamp 
and recording' the voltages acro||^it in column A of the data chart. 

If 197 



Because the apparatus needed for 
tjiis e^cperiment is comparatively ex- 
pensive, It IS not likely that more than 
one group of perhaps two or three 
students can work on the experiment 
at any given time. ^ 

For optimum results, it is suggested 
that a group of students be assigned 
in advance to set up anU do some 
preliminary runs with the apparatus. 
Then they can take actual data m 
front of the class while the rest of the 
students record data and analyze the 
results in their own lab books 

APPARATUS PREPARATION 

1 audio oscillator or audio signal 
generator capable of producing 
sine waves from 0 to 20 kHz 

1 audio amplifier capable of pro- 
ducing an output of 5 W or rpore. ^ 

classroom tape recorder or 
phonograph will do. 

1 AC voltmeter with a high im- 
pedance, such as a vqpuum-tube 
Of solid-state voltmeter fan os- 

^cilloscope may be substituted) 
(Although a second voltmeter is 
called for, one meter can s^rve 

, both purposes if it is switched 
from one position to the other in 
the setup ) 

1 capacitor, 0 5 to 1 0 fJ F 

1 coil (about 2 to 4 mH) This can 
be made by scramble-winding 
about 400 turns of No. 28 insu- 
lated wire on a 2-ajr pencil stub 

1 6V lamp 



SUGGESTIONS AND TECHNIQUES / 

1 . If an AC voltmeter is being used to monitor the voltage at 
the output terminals and to measure the voltage across.the lamp? 
the voltmeter should have a resistance of at least 20,000 ohms- 
per volt so that its effects on the circuit being measured will be 
minimized. 

2. Jf an oscilloscope is used for monitoring and voltage 
measuring, set the horizontal frequency of the oscilloscope at 
about 1000 Hz and leave it set at this frequency for the entire 
experiment. Set the vertical gain control so that the height ofthe 
trace on the sdreen is about three quarters of the maximum 
during thejirst run, when the coil and capacitor are shorted out 
If the oscilloscope does not have a grid over the screen, tapeB 
piece 'Of semi-transparent graph paper over the screen; and 
record the voltage indications in arbitrary units marked on the 
gr^ph paper. 

3. If the audio ^plifier has a choice of several ou'tput 
terminals of various mnpedances, choose the set of terminals 
which IS marked with an impedance of 40. 

4. Be sure to check the output le\7el at the amplifier 
terminals before each reading is made. Readjust the output 
control if the level should change from the initial setting. 



5. Connect an inductor to the circuit by removing the short 
across ihe coil. Repeat the procedure of the step above by starting the 
3udio oscillator at a frequency of 2 kHz and increasing it in 0.5-kHz 
steps to a frequency of 15 kHz. At each step record the voltage across 
the lamp in column B of the' data chart. 

6. Replace the short across the coil and remove the short from 
the capacitor so that the capacitor and lamp are in the circuit. Repeat 
the procedure of the step above by changing the frequency of the 
audio oscillator from 2 to 15 kHz and recording the voltage across the 

/lamp at 0.5-kHz intervals in column C of th'e data chart 

7. Remove all of the shorts so that the capacitor, coil, and lamp 
are connected in series with the amplifier output terminals. Starting* 
with the audio oscillator at a frequency of 2 'kHz, increase it to 15 kHz 
inV5=iiH;z steps, 'recording the voltage across the lamp at each step in 

' cblumA D of the data chart. ^ 

8. On a piece of graph, paper, plot the frequency on the 
* horizontal -axis and the voltage chart, draw 'four curves op the same 

set of axes as follows: 

a) Circuit with pure resistance (only the lamp in the circuit and 
See sample graph on opposite page, ^negligible^amounts of inductance and capacitance) 

^ b) Circuit with inductance and resistance (lamp and coil in the 

» . circuit). 

^ c) Circuit with capacitance and resfstance (lamp and capacitor in 

the circuit). 

d) Cii'cuit with, resistance, inductance, and capacitance (lamp. 
O ' coil, and capacitor in the circuit). • 
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EXPERIMENT 44, RESONANCE IN ELECTRIC CIRCUITS 



NAME 



CLASS HOUR 



Frequency 
■ (kHzj 


Voltage across the lamp (V) / 


A 

Resistance 
only 


B 

Inductance 
and resistance 


C 

and resistance 


Infductance, ^ 

pan a PI tanpp 

ana resistance 


2.0 






0-to 


/ O ZP 


^ 2.5 


0-35 


0-8S 




1 o-\o 


. 3.0 


0-35 


0-72 


o.m 


1 0 AO 


3.5 


0.3S 


0-70 


oih 1 




4.0 


0-35 


0-70 


o-z% 1 


d-47 


4.5 


0-35 








5.0 


.0.3S 




03/ 


01^ 


^.5 


0-3r 






• OZO 


6.0 i 0.3S 




■ 0./32. 


0-60 


6.5 


0-35 




D . 32 


l.|0 


7.0 


0-35 






. 1-70 


•7.5 


0-35 




, o-3^ 




8.0 


0.35 


O-UZ 


6-32^ 


(•H3 ■ 


8.5 


0-35 




0-33 


1-00 


9.0 


0.3S 


0(^2. 


0.33 




9.S 


O-BS 


0-U)Z 




■ .0-30 


10.0 


0-35 






.0-2O 


10.5' 


0-3S 






017 


n.o 


0-35 






01^ 


11.5 


03S 




0-3Z 


O-IZ. 


12.0 


0.^ 






OlO- 


12.5 






0'30 
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Apparatus used for sample data: 

Cenco audio oscillator 

amplifier of the school recorder 

RCA Volt'Ohmist 

0.5 A' F capacitor ^ 

coil made by winding 400 turns of 
enameled wire (flt>m^oke of 
discarded TV set) around a 2'Cm 
pencil stub 

lamp bulb from 6 V lantern 



j- }f>ductance, 
and 




C9p«c.l't.»r>ce 

, and 



50 100 

Frcpuency (k Hz) 
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The inductance of the coil was not 
known, so it was assumed Ahat the 
inductance was 2 millihenries 

Using the value of 2 wH for the coil 
resulted in an error of 50% between 
calculated and experimental results. 

Working backwards from the exper- 
imental data, it was determined that 
the ecror would have been zero if the 
coil was 1 millihenry instead of 2. 
1 

^ " 471 ^Pc 

Substituting 

f ^73 X 1CP Hz 
and C ^ 0.5 X 10'^ F 
into this equation gives 

L ^ 1 mH 



RELATED QUESTIONS AND SUGGESTED ACTIVITIES 

1. Refer to your graph and state the* relationship between the 
maximum voltage across a resistor (the laiVip in this case) and the 
applied frequency v^hen the circuit contains 

a) resistance only. 7^/76 voltage remained constant as frequency was 
changed. 

b) resistance and inductance. thj frequency increased, the vol- 
tage decreased, then flattened out. ^ 

c) i^esistance and papacitance. '^^'^K^ frequency increased, the vol- 
tage increased, then dropped slightly and'began to increase slowly. 

d) resistance, capacitance, and inri..rt;^nrp The voltage reached a 
small peak at 4 0 kHz and a much larger peak at 7 3 kHz, then fell rapidly to zero. 

2. When; the natural frequency of the lamp-coil-capacitor circuit 
has been reached, the lamp will glow the brightest and the average 
power supplied to the circuit will be a maximum. Examine your graph 
and record the frequency at which this resonance occurs.. ' • 

7.3 kHz - - • ' ■ 



If the capacitance and inductance values are known, the value of the 
resonant^ frequency 7 in hertz can also be calculated from the 
equation. 



1 



2 7ty/ LC 



where. 



L is the inductance of the coil iri henries 



J- 



C Is the capacitance in farads. 

Compare the calculated frequency with the one that wg^ experi- 
mentally derived and determine ^ur percentage error. 

— ' * \ . .^ . 5 /crtz (50% error) 

^2Tr J{2x 10'^H)(05 X 10^F). { 



f = 



3. Sebup your own experiment using q capacitor and a coil that 
have slightly different values from those already used. Predict the . 
resonant frequency of the circuit usirtg ttie equation given above and 
fjnd the resonant frequency experimentally by graphing your data. 
Compare these values and calculate your percentage error. 

Using the corrected value for the coil of 1 mH and using a 1 /J F capacitor, It 
was predicted" that tt\e reson^t frequency would be 5 kHz: This was^ 
confirmed experimentally using^ the same apparafus set-up. . 
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, ' - PURPOSE 

In this experiment the concept of magnetfc field will be developed by This exp^iment is best done by 

^ *t_ A • Students working alone without lab 

Investigating the space around the magnets. ^^^^^^^^ ^^^^^ ^^^^^^^ ,5 ^o,^. 

ing with the equipment, there is very 
little for a lab partner to do 



Small coi^pass 




\ Arrow showing direction 
' of magnetic rtorth 




A PRQCEbURE 

'1 . Place the north pole of a bar magnet ander one end of a sheet^ 
of cardboard or stiff paper, and place the south pole of a second bar 
magnet under the other end. 

2. Spnnkle some jron filings evenly over the cardboard Tap it 
gently and observe the patterns which are formed. These patterns 
show the shape of the magnetic field between the two bar magnets. 
Copy this pattern as Accurately as possible in the space provided^in 
this manual. ' ^ ' ^ 

3. Collect the iron filings and place q piece of graph paper oyer 
the cardboard.. Draw the central force line between the two magnets 
by conhecting the center of the north pole of -one magnet to the 
center of the south pole of the other magnet. Check this line by 
placing a very small magnetic compass (2 cm or less m diameter) on 
the line near the north pole and slowly move it l^ard Hie south pole. 
The compass needle will always poinf in the direction of nrlotion if the 
force line is accurate. ^ ^ 

4. Draw a second force line roughly parallel to the original line by 
placing the.s^all magnetic compass near the north pole of the bar 
magnet a short distance above the original force line. Place a-dot on 
the paper directly behind the tail of the compass needle and another 
dot at the head o| the compass needle..Advance the compass to^i new 
position so that the tail of the com'pass neetJle coincides with the dot 
that was placed at the head. Place a third dot at the head of the 
compass needle in its new position. Keep advancing the compass in 
this manner until the second bar nf\agnet is rpched. 

• 193 

201 



APPARATUS PREPARATION 

2 steel'bar magnets 
1 sheet cardboard or stiff paper 
1 salt shaker of iron filings 
1 tiny magnefic compass 

Although concepts of magnetic field 
shapes can be learned quickly by 
sprinkling iron filings around a mag- 
net, a great deal more can be learned 
by meticulously plotting the field 
with the aid of a' tiny magnetic 
compass The assymetrical pattern^ 
dye Jo the earth's field and the 
magnetisim of steel building struc- 
' tures bQcome readily apparent ^1- 
thovgf) the results are quite re- 
warding, th^ work is tedious, affd 
personality differerences among stu- 
dents who enjoy this kind of exercise 
are interesting to observe 
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, . ' * PURPOSE 

In this experiment the concept of 'magnetic field will be developed by 
Investigating the space around the magnets. 



ERLC 



Small coi 



4pass *^)^ 



» Arrow showing direction 
\j of magnetic rrorth 




* PRQCEbURE 

'^1 . Place the north pole of a bar magnet under one end of a sheets 
of cardboard or stiff paper, and place the south pole of a second bar 
magnet under the other end. 

2. Sprinkle some iron filings evenly over the cardboard Tap it 
gently and observe the patterns which are formed These patterns 
show the shape of the magnetic field between the two bar magnets 
Copy this pattern as Accurately as possible in the space provided*in 
this manual. . • 

3. Collect the iron filinfls and place ^ piece of graph paper oyer 
the cardboarcJ..Draw the central force line between the two magnets 
by connecting the center of the north pole of -one magnet to the 
center of the south pole of the other magnet. Check this line by 
placing a very small magnetic compass {2 cm or less m diameter) on 
the line near the north pole and slowly'move it %A/ard the south pole. 
The compass needle will always poinf in the direction of rrlotion if the 
force line is accurate. y ^ 

4. Draw a second force line roughly parallel to the original line by 
placing the.s^all magnetic compass near the north pole of the bar 
magnet a short distance above the original force line. Place a-dot on 
the paper directly behind the tail of the compass needle and another 
dot at the head o\ the compass neectle.Advance the compass to^ new 
position so that the tail of the com'pass neetlle coincides with the dot 
that was placed at the h'ead. Place a third dot at the head of the 
compass needle in its new position. Keep advancing the compass in 
this manner until the second bar nf\agnet is reached. 

• 193 

201 



This exp^iment is best done by 
students working alone without fab 
partoers. While one student is ^ork- , 
ing with the equipment, there is very 
little for a lab partner to do. 

APPARATUS PREPARATION 

2 steel 'bar magnets 
1 sheet cardboard or stiff paper 
1 salt shaker of iron filings 
1 tiny magnefic compass 

Although concepts of magnetic field 
shapes can be learned quickly by 
sprinkling iron filings around a mag- 
net, a great deal more can be learned 
by meticulously plotting the field 
with the aid of a' tiny magnetic 
compass The assymetrical pattern'^ 
dt^e Jo the earth's field and the 
magnetisim of steel building struc- 
tures become readily apparent ^1- 
thovgtf the results are quite re- 
warding, th^ work IS tedious, aftd 
personality differerences among stu- 
dents who enjoy this kind of exercise 
are interesting to obsen/e 



SUGGESTIONS AND-TECHNIQUES 

1. This experiment will work best with bar magnets which 
are made of steel or irpn. It will be found that ainico magnets are* 
so powerful that the iron filings tend to come togeth^ instead of 
remaining near their original positions. 

2. The polarity of small magnetic compasses often reverses 
during the experiment when they are brought close to the bar 
magnets. They should be checked for polarity reversals fre- 
quently by moving them away from the experimental apparatus 
and see whether they point toward or away from magnetic north. 



5. Repeat this procedure, starting from different spots near the 
north pole of the bar magnet. When you have finished, you should 
have a series of six to ten lines which are rojaghly parallel to each 
other dri^wn between the poles of the bar magnets. 

6. Draw an arrow on your graph paper to indicate the direction of 
magrretic north in'relation to the bar magnets 

DATA 

Drawing of magnetic field patterns shown by iron fihngs 





Arrow 
showing 
direction 
of 

magnetic 
north 



RELATED QUESTIONS AND ACTIVITIES 

1. If you did Experim^t 38/ compare the ^tterns that are 
produced by electric fietd lines betv^en positive and negative 
electrodes with the magnetic field linefe between north and south 
magnetic poles. 

The equipotential Ifnes drawn for point electrodes ar^ 'basically at right 
angles to thh magnetic field IMes for the poles of bar rriagnots. 
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2. Compare the symmetry pf the magnetic field lines on either 
sidVof the two bar magnets. You will probably find that the two halves 
of the^pattern are not symmetrical because the earth's magnetic field 
distorts the theoretical pattern between the two bar magnets. Check 
the magnetic field patterns carefully for this asymmetry and predict 
ttie direction of the earth's magnetic field in the laboratory. Verify this 
direction with the^aid of a magnetic compass. , 
The steel framework of the school buildings as well as metal pipes ruririmg 

through the floors and ceilings sometimes create such strong magnetic fiefds 

that they obscure the magnetic field of the earth. 



3. Repeat the magnetic field experiment several times with the 
apparatus held in different directions with respect to the earth's 
magnetic field. In each case predict the asymmetries which should 
occur in the patter'ns and verify yQ^r predictions. 
Jhis IS a simple task but it requires more patience than most of the othef^.tasks 

in this lab manual Students who hava^the patience and desire to complete 

such a task and draw meaningful conclusions should be encouraged to 

pursue scientific vocations or related work which requires these attributes. 
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EXPERIMENT* FORCES BETWEEN CURRENT-CARRYING CONDUCTORS 
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PURPOSE 

Current-carrying cortductors exert forces on each other. The 
relationships that exist l>etween those forces, the current, and the 
geometry of the conductors wiii be investigated in this experiment. 

•PROCEDURE 



Pointer 'sensitivity control 
Counterweight 



Movabte 
loop 



Fixed coil 




Knil^edge^ 
contact 




This experiment should be per- 
formed with studefnts working tn 
pairs. Not all students have the pa- 
tience- and the ability' to make the 
precise movements and delicate ^d- 
lustments which are requ^ed for this 
^experiment 
» 

APPARATUS PREPARATION 

The curr^t-balance apparatus is 
available f^om suppliers of Project 
'Physics equtpme^i, 

ad(^ition Jo the basic* current 
balance and the accessories that 
' come with it ttie following items 
are required 

♦ 

• 

2 ammeters, dc. 0 /o 5A 

2 power applies capable of pro- 

^cing aboUi 6 VDC at 5 A 
1 small permanent magnet 
1 pair of tv/eezers for handling 
^ small weights > 
1 ^et of small -wire weights 
These can be made by removing 
the insulation from ordinaty lamp 
cord, separatin^the strands, and 
. , cutting each strand inio lengths 
of 1 crv. ? cm. and 5 cm. Each 
centimeter of this wire has a 
' rpass'of 17 and 18 mg and 
weighs about 1 7 x 10 * N. 



The general procedure for investigating forces bBtv^een current-caj^ry- ' 
ing conductors involves the use of a current balance. This device cori- 
si^ts of a fixed bundle of v^ire (the fixed coil) anda pnovable loo^ of wire ^ ^ 
v^hich is delicately suspended near the fixed coil. When there is 
current in each of these conductors, 1he*fixed toih exerts a^repelling' 
force on the movable loop, v^hi'ch cadses the-movableloop to sv^mg 
av\^ay from the fixed coil. vJ'eights of knov^n value are then added \p 
the movable loop to restore it to its original position. Sinqe the 
restoring force c^ue to the added v^ei^fht is equal to the force between^ 
the current-carrying conducjtors. v^e can measure the value of the 



The current balances from different 
n)anu facta rers vary quite a bit. ft, is 
important that you read the specific 
instructions which accompany the 
current balance and furnish supple- 
mentary notes tor the students to 
save them time and help th^m obtain 
better results. 



SUGGESTIONS AND TECHNIQUES 



1. An acceptable power supply would be a 6-volt or 12-volt 
storage battery with a rheostat connected in series to vary the 
current. A low-voltage laboratory power supply will also work 
well if it is well filtered. In a poorly filtered power supply, the AC 
ripple which accompanies the DCputput will cause the movable 
loop of the apparatus to vibrate. ^ 

2. To measure the distance between the movable loop and 
the fixed coil, it may be found to be more convenientto measure 
the distance between the nearest edges of each coil and add this 
value to the sum of the radii of the movable conductor and the 
fixed conductor. The radii of the respective conductors m^y be 
found with a micrometer caliper. 

* 3. Before Qach trial, check the zero setting of the pointer io 
be sure it has not shifted. 



erJc 



force between the conductors. Proceed as follows 

A, Setting Up the Apparatus V 

1. ^ Place the frame upright on a sturdy table 

2. There are severaj U-shaped, bervt wire loops supplied with the 
equipment. Attach the largest of \\)ese loops to the horizontal 
suspension bar so that the center of the loop hangs about 0.5 cm in 
front of the fixed coil and is parallel to this coil (see illustration). When 
this has been done, the horizontal §uspension bar and the loop should 
swing freely in front of the fixed coil, since there is very little friction at 
the knife, edge contacts. 

^ 3. A long pointer and a balancing counterweight are also 
attached to the horizontal suspension bar. Adjust thai position of the 
counterweight so thart the pointer is horizontal 

4. When the pointgr is horizontal, fasten the zero position 
indicator to a ring stand, using any convenient clamp, and adjust the 
height of the indicator so thantje tip of the pointer coincides with the 
center of the notch. A fine line drawn at the center of the notch will 
provide a convenient reference point to determine when the loop is 
hanging in its normal position and the pointefr is horizontal 

5. A sensitivity control, consisting of a vertical wire and a clip 
above the center of the horizontal bar, provides a nrieans of adjusting 
the sensitivity of the apparatus as forces are applied Raising the clip 
raises the center of grSvity of the moving part of the ^^paratus, 
making it swing more easily. Adjust this control for maximum 
sensitivity but be careful that the apparatus does not become so 
unstable that it topples over. * 

6. Connect the output of a variable, low-voltage DC power 
i'upply (6 to 8 volts at 5A) to the flat horizontal plates on which the 
horizontal suspension rests. This establishes an electric current from 
the power supply through the knife edge contacts to the suspended 

* movable loop. If the power supply does not have a built-in ammeter, it 
^-••^^ill be necessary to connect an external ammeter (having a range 0 to 
10A) in series with one of the power supply leads. 

7. Check the operation OTthe circuit by turning on the power 
supply and slowly increasing the voltage while holding a small 
permanent magnet near the movable loofJ- As the voltage is increased. 
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the loop should start swinging either toward or away from the 
permanent magnef as a result of the force e)ierted on the current- 
carrying loop byVbii magnet. By reversing the permanent magnet, you^ 
should be able to make the loop, swing in the opjj:^osite direction. 

8 Connect a second variable DC power supply and ammeter to 
the fixed coil of the appardjus, making an independent circuit. 

9. Turn on both power supplies and observe the effect of thajforce 
exerted on the movable loop by the fixed coil when there is a current' 
throggh each. ^ 

10 Intefchange the connections , between one of the power 
supplies and the terminals on th^ apparatus to which it is connected 
Tbis causes one of the qurrents to reverse its direction Notice that 
this also changes the direction of the force iDn the movabl^loop Fix 
the connections so that the pointer will move up whenever frie power 
supplies are turned on. ' * , ' ' 

1 1 A roll of thm wire is supplied with the apparatus Cut this wife 
into lengths of 1 cm, 2 cm, 5 'cm, and 10 cm. Bend each length into 
an S shape so that it may be hung on the notch in the pointer, or from 
one of the other lengths m order to restore the pointer to its zero 
position. Have one set of wire weights 6n hand and makfe additional 
wire weights as required, during the Experimenting which follows 

This completes the preliminary adjustments to the apparatus 



B, Finding the Relationship between Force and Current 

1 Adjust the position of the horizontal suspension bar so that the 
. movable loop'is parallel to the top section of the fixed loop and hangs 
about 0.5 cm in front of it. ' 

2. Adjust the variable power supply that is-connected to the fixed 
coil so that fhe current is 3 A. With no current in the movable loop, 

.adj,ust the counterweight 'so that the pointer is horizontal and 
coincides with the zero position mark. 

3. Adjust the power supply that is connected to the movabl^ loop 
so that its ammeter reads 0.5 A. This'^hould create a force which 
Qauses Ihe loop to t>e*repelled and fhe pointer to move up. * ^ 

4 Add wire weights to the nt)tch In the pointer until it is restored 
to its zero position. IrT data chart h record the total number of 
centimeters of wire that were required. ; 

5. Increase the current in the n^ovable coil in half-ampere steps 
until a total of ,5 A is reached. At each ^tep find the amount of wire 
weights th^t is needed to restore the pointer to its zero position and 
record this in the data chart. - . - 

6. Prepafe a graph with force (expressed in oentimeter^of wire) 
along the vertical axis and current (in amperes) along the horizontal 
'axis. , 



J 



It IS very convenient to measure units 
of force m terms of centimeters of 
No 30 wire To find)he actual weight 
of a centimeter of this^wire, a useful 
technique is to have the students find 
the mass of a long length of the wire 
on a triple beam balance. 

example, assume that a 1 -meter 
length of wire has a mass of 1 75 g. or 
1 75 X 10^ kg, on a triple beam 
balance. To find its weight in new- 
tons, we multiply the mass in kilo- 
grams by 98 N 'kg and obtain 1 7 x 
10 ^ N One cm woi/ld weigh only one 
hundredth of this, or 1.7 x 10"* N. 
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C. Relationship between ^orce and Distance Separating ' 
Current-Carrying Conductors ♦ 

1. Adjust each of Xhe variable po\yer supplies so that a current'Of 
about 4.5 A is in each of the .circuits. 

2. Turn off both power supplies and adjust the horizontal 
suspension bar so that the horizontal distance between the fixed coil 
and the bottom of the movable loop is 0.5 cm acid the pointer is 
horizontal at the zero position mark. The distance can be, set with the 
aid of a pair of dividers or a compass of the type that is used to draw 
circles. Using a centimeter scale, set the points of the compass 0.5 cm 
apart. -Then use the compass or dividers as -an aid in^d|vistlng the 

'distance between the parallel wires. The distance between the w^res 
should be measured between the centers of the two wires. 

3. When you are certain that the distance between the movable 
loop and the fixed coil is exactly 0.5 cm and the pointer is at the zero 
position markrturn on both power supplfes and check that each^f the 
ammeters still reads' 4.5' A. 

4. Add wire weights to the notch of the pointer until it is restored 
to the zero position mark Record the number of centimeters of wire in 
data chart IL^ . ' i 

5. Increase the distance between the fixed cfcil and {he^Sovable 
" loop i^alf centimeter steps until the two'^are 6.0 cm apart. Each tim'e 

the diWance is increased, check the zero Setting of the pointer with 
the current turned off. Then, with the current'on, add wire weights to 
restore the pointer to its z^o position For each distance, record the 
required balancing .weight in the data chart. \ ^ * 

6. Plot the d^ta^on a graph vyith force (measured in centimeters 
of wire) on the vertical axis and distance'between the condcictors (in 
centimeters) along the horizontal axis. 



D. Relationship between Force and the Length of a Current-Carrying 
Conductor 

1. Adjust the position of the horizontal suspension bar so that the 
movable loop is approximately 0 5 cm in front of the fixed coil. Set the 
counterweight so that the pointer is horizontal and coincides with the 
zero position mark» Turn on the power supplies and adjust the current 
in each of the circuits to approxirnately 4 A. Add wire' weights to tl>e 
notch on the pointer until the pointer i§ restored to the zero position 
mark. Record the weight (in centimeters of wire) in data chart III. 

2. Turn off the poyer supplies, being careful not to disturb their 
settings Remove the movable loop from the horizontal suspension 
bar ard substitute a second loop that has a shorter horizontal ^ction 
in its center portion. Adjust .the apparatus so that *the fixed and 
movable wires are the same distance apart as they were in Step 1 and ' 
turn on both power supplies. Check that the current in each circuit is 
the same as before. .Record the, amount of wire weights that must be 
added/5o the pointer notch to bring the movable loop back to its zero 
position. Also record the lengtji of the wire in the center horizontal 
section of the loop. 

3. Repeat trte above procedure one or two more times,-substi* 
tuting the other loops. In each case, record |he amount of wire 
weights required to bring the pointer back to its zero positicSrJ and the 
length of the center horizontal section of the loop. 

J no. ' 
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4. Plot a graph with the restotfrig force (m'easured in centim'eters 
of wire) along the vertical axis and the length of the center horizontal 
section of the movable conductor along the horizontal a)(is. 



to r 



See sample graph at bottom of this page. 
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/ force ys Current 
m Conductor 



// Force vs Distance 
beiween Conductors 



TRIAL 


• Current' 

1 


F^jrce 


1 


0-5 


Z 


' 2 


/• 0 


3 


3 




H 


4 




6 


. 5 






6 


• 3d 


1 ' 


7 


■ 3-5 


■ 8 ' 


8 


■ ^.d 




9 






10 






11 






12^ 


> 







Oistarice 
X 


Force 

1 1 T t \J 1 W 1 1 C ^ 

F - 


1 


'OS 


; 8 


2 


1-0 




3 


l-S 


3 


4 




3 ■ 


5 


2-5 


z 


6 




z 


7 


3 5 


z. 


8 






9 . 






10 • 






11. 






12 







HI Force vs. Length of Conductors 
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RELATED QUESTIONS ANP SUGGESTED ACTIVITIES 

1. Summarize your results by giving the relationships between 
the force between two current-carrying conductors and 

a) the magnitude Of current: ^ 

The force increases as current in one of the conductors increases, ^ 

■ r-^ 

b) the distance between conductors: 

There is an inverse relationsfiip between the force and distance between 

conductors that are parallel to each other 

c) the length of the parallel portion of conductors: 



The force increases in direct proportion to the length of the parallel portion of conductors. 



The force between parallel current- 
(rytng conductors is 




where F is the force (m N) 
I IS the current (in A) 
L IS the length of parallel 
conductors (in 
^d IS' the distance between 
concLjctors (in m)f 
KisZs^O'^ NIA' 



Thus I -\ 



KL 



2. The ampere is a unit of current which is now defined infterms 
of the force that it will produce between two parallel, infinitelyXlorig, 
current-carrying conductors. Connect the fixed and movable co\ls of 
the current balance so,they are in series with the same power supply. 
By definition, the ampere is the current m two parallel, infinitely long 
conductors, --1 meter apart, whicTi produces a force of 2 X for 
each meter of conductor length: Set up an experiment to test the 
accuracy of an amrtieter. , ) 

The movable coil, ld windings of the fixed coil, arW an .ammeter were 
^ ^ : ^ 

connected in series with a variable power supply. Using the 32-cm movable 
t ? V 

coil, this gave an effective length of 320 cm (3.2 m) of parallel conductors. The 
^ 4 

two coils were 1,0 cm apart Wire weights were added to the balance and the 
power supply was adjusted until the balance was restored to equilibrium. Data 

— jr • ' 

are given in the margin at the left: 



The weight of the wire weights was 
calculated by mdltiplying the number 
ijt c n ) of wire by 1. 7-)t 10 '^-Nfcrrr(see 
P 205j 
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3. All of the instructions for this experiment require the movable 
loop to be perfectly parallel to the fixed coil at all times. Predict what 
would happen if thesie two conductors were not parallel to each other. 
Check your results by Experimentation with the apparatus. 

// the movable coil is pot parallel to the fixed coil, some parts of the conductors 
^ : 

will be closer than others. If the distance is takei) at the midpoint of the 
, . s 

conductors, thhre is still an error because it is only the parallel components of 
the magnetic .forces that interact. Thus, the restoring force foe parallel 
conductors is greater than the iorce for nonparallel conductors that are the 
. same length, are the same average distance apart, and carry the same cur/eni 

4. Set up an experiment to find thfe force that the earth's 
magnetic field exerts on a current-carrying oenductor. WithHi^e fixed • 
coil of the appar^us disconnected, adjust the sensitivity conhol of 
the.movable loop to maximum sensitivity. Adjust the power supply so 

'that the current in the movable loop is about 3 A when the power 
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EXPERIMENT 46. FORCES BETWEEN CURRENT-CARRYING CONDUCTORS 

NAME ^ ^ V 1 ^^fr^^^Q^^ 
^ W ^ ' 



supply is turned on. Set the apparatus on a sturdy table so that tfne 
bottom ofthe movable loop is aligogd in an east-westdirection. When 
the current is turned on, find the restoring force that is necessary to 
compensate for the displacement of the pointer from the zero position 
mark.sBotate tha entire.apparatus in step^of 5° until the movable loop 
is aligned in a north-south direction. At each step, record the 
magjulude of the restoring force when the same current is turned on. 



■m 



Angle 

A = 


Restoring force 
(cm of wire) 

F = 




Angle 


Restoring force 
(cnj of wjre) , 

<■ F = 


0 


O-S 




50° 


OS . 


f 


O-S 




55° 


O-S 


10° 


0-5 




60° ^ 


OS 


15° . 


OS 




65° 


OS 


20° 


OS 




70^ 


O-S 


25° 


OS 




■If ' 


cs 


• 30° 


O-S 




80° 


O-S^ 


35° 


O-S 




85° 


OS' 


.40° 


O-S 




90° 


OS 

J ^ ^ — 


45°. 


O-S 







What is the largest restoring force required? 
M oi the restoring forces appear to be identicaL 



This experiment is guaranteed to 
"^mystify and challenge the better 

students in a physics class... es- 
Specially when they do the experiment 

carefully an4 obtain data suah as the 

sample data at the left. 

The explanation is simple. One must 
knoy/ from his knowledge of the- 
earth that the direction of the earth's 
magnetic field is very close to v^rthal 
hver most of the United States Only 
20^/o of this field produces the south- 
to-norih horizontal component which 
operates ^ magnetic comp&ss ^ 

The current balance responds to the 
comparatively large vertical com- 
ponent of the' earth's magnetic field 
but IS riot sensitive enough to detect 
Jhe variations caused by the minor 
effects of different horizontal orien- 
^ tations. 
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EXPERIMENT • ELECTRON BEAM DEFLECTION 



4 



1 




NAME 



CLASS HOUR 



LAB PARTNERS- 



DATE- 



PURPOSE 



To deflect an electron beam by magnetic and electrostatic fields ^nd 
to predict the direction and magnitude of such deflections. 

PROCEDURE * 



Accelerating 
power supply 
250 volts DC 



Filament 
power supply^ 
6 3 volts 




Focusing 
power supply 
<0 to 50volts) 



Knurled nut 
on centering 
magnet 



Graph paper 
taped to screen 



A. Producing 'an Electron Be^ 

1 . Heat the filaments of the cathode ray tube (CRT) by applying a 
voltage of 6.3 volts AC or DC to the filament terminals at the-base of 
the CRT. A battery supply is preferable to an AC source because ^ 
there is no ripple which tends to vibrate tpe electron beam. When the 
power supply is conrtected^ the filaments should glow brightly. 

2. Apply a DC voltage of 200 to 250 volts between the 
accelerating, anode of the CRT and one of the filament terminals by 
connecting them to a second power supply. The positive terminal of 
the power supply must be connected to the anode. When this has 
been done, tf\g electrons whrch have been boiled off the hot filament 
will be accelerated through the tube and strike the screen^ producing 
a luminous spot on it. 

3. Connect a third power supply, which can produce a variable 
DC voltage (Oto 50 volts), to the CRT. Connect the negative terminal 
of the power supply to the focusing cylinder and the positive terminal 
tfes^the common connection at the CRT filament. WhefKttiis power 
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This e'xpenment can be done with 
students working m groups of two to 
four. The apparatus is comparatively 
expensive, and hardly any schools 
will have more than one or two sets 
of this apparatus with the 3t^essory 
pow^r suppljes'. ^ 

APPARATUS PREPARATION 

The sample data^ was obtained with 
the hat hod e ray oscilloscope sold by 
the Klinger Scientific Apparatus 
Corp., although any os^lloscope wjtt 
work to sortie extent to s/?ow> the 
principles of beam bending. The 
Klinger tube uses only 250 volts, 
which is relatively safe 'for student 
use and permits' very large deflec- 
tions with comparatively weak mag- 
' nets. 

Th§ following accessories are called 
for in this experiment. 
'Jl meter stick 

1 sheet of metric graph paper 

transparent tape 
' 1 cylindrical tnagnet 

1 electromagnet 

a variable 0 to 250V DC power* 
supply 

1 voltmeter to cover thisi>range 
a variable 0 to 50V DC power 
supply 



^ ^ SUGGESTIONS AND TECHNIQUES ^ 

1. Shut off the power supplies whenever the equipment is 
not in actual use. This practice will extend the life of the CRT. 

2. Wheh focusing the electron beam on the screen, do not 
make the spot too bright, or the screen may be damaged. 

3. To avoid undesired e|f6cts caused by the earth's mag- 
netic field in the laboratory, align the tube so that its long axis is 
parallel with the magnetic field in the laboratory. In this posftion, 
any effects ttTat are due fo the earth's magnetic field will be 
negligible. ^ ' • , 

4. If the laboratory can be darkened or if the tube can be 
observed under a blanket which screens out extraneous, light, 
the actual path of the electron beaYn inside the tube can be seen. 
There is a small amount of neon gas included in the CRT for this 
purpose. 

• 

5. When measuring the beam deflection caused by a , 
permanent magnet, use a cylindrical aloico magnet which is at 
l^st six inches long. Shorter magnets may also be used but the 
observed deflections will be proportionally srtialler. 

6. To measure the distance between the cylindrical magnet 
and the tube as you move the magnet closer to the tube, slide it 
alon^ a meter stick. ' 



supply is turned on and the vojtage is increased, the walls of the 
focusing cylinder become negative with respect to the filament and 
repel any electrons yvhich are strearWing through the center of the 
cylinder. This causes the electrons to converge and focus into a fine 
spot on the cathode ray tube screen. Adjust the voltage of this power 
supply to fTOduce the smallest spot. ^ . . , 

4. Center the spot on the face of t^ CRT by adjusting the 
^position of the cylindrical magnet which is atfached to the aluminum 
rqd that supports the center of the tube. This magnet may be adjusted 
by loosening the knurled nut and- sliding the collar up and down or"By 
tightening the nut and then rotating the magnet on its own axis. 

This .completes the preliminary adjustments. ' 

B. Be^m Deflection by a Permanent Magnet ^ 

1 . Using some cellulose or masking tape, fasten a large square of 
graph, paper over the screen of the cathode tube. When the power 
supplies are turned on and the preliminary adjustments have been 
completed, it should 'be possible to see the illuminated spot through 
the graph paper. * 

2. Hold a cylindrical magnet approximately 20 cm above the neck 
'qf the CRT with its north pole facing down. In^ 1-cm steps, lower the 
magnet until it reaches the neck of the tube. At each step, record the 
deflection of the electrqn beam as seen on the graph paper. * 

3. Repeat the procedure of Step 2, holding the magnet so that the 
soiith pole is down. 

4. Repeat the above procedur^olding the perflnanent maghet 
^bout 20 cm^ to the left of the tube with its north pole fafeing the tube. 
Record the deflection data in data table I as thb magnet approaches 
the tube in 1-cm steps. o^-, \ ''^ 

^ . *' v., 
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95:pebiment 47. electron beam defliection 



NAME 



CLASS HOUR 
' 



5. Repeat the above procedure once more, starting* with the 
permanent magnet about 20 cm to the nghJ of the'tube and the north 
pole facing the tube. Again, record line deflection of the luminous spot 
as the magr>et approaches the tu|ie#in 1-cm steps. 

6. Using ihe same axes; prepare a graph of b^am defJection(»vs. 
magnet distance for each of the 'four sets of-data.^. 



C. Beam Deflection -with a Current-Carrying Coil • ^ 

1 . With a piece of graph pamper taped over the screen of the CRT 
and with the preliminary adjustments completed, clamp a coil of wire 
to tVie mounting ring above th6 neck of the CRT. Connect a 6-volt 
battery and'a variable resistance [n series with the coil. Connect a DC 
voltmeter across the terniinals of the coil measure the voltage 
across it as the resistance changes. 

2. Note the position of the illuminated spot on the graph paper 
when no voltage is applied to the coiL Increase the voltage across the 
coil m fl^f-volt steps, recording the beam deflectiorv on the CRT 
screen as the voltage at the coil terminals is increased^Use data table 

3. Prepare a graph of beam deflection vs. coiJ voltage. 



See sampli graph 



D. Beam Deflection by an E^^ostatic Field 

1. With the ^preliminary adjustment completed, and a piece of 
graph paper taped over the screen of the CRT, connect a variable DC 
powQr supply having a range from 0 to 50 volts to the two electrostatic 
deflect-ion plates that are Imbedded m the neck of the CRT. The 
negative terminal of the power supply should be connected to the 
-slower j|eflecti(^n plate and 'the positive terminal to the upper 
deflation plate. It is important that a separate power supply be used 
for tnis purpose. Do not attempt to use the same power supply that is 
furrijshing the focusing voltage. 

Starting with zero volts across the electrostatic deflection 
plat^l increase the voltage in 5-volt steps to 50 volts, recording the 
deflection of the spot on the screen 'at each step. Data table III. 

/ 3. Plot a graph of beam deflection vs. voltage across *the 
electrostatic deflection plates. 



See sample graph 
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. DATA 

I. Beam Deflefition by Permanent Magnet 



50 r 



730 

c 

0 
4> 

J 



5 
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* t ' » t t J 1 t , i 1 1 1 t 1 1 ] 



5 10 15 20 



\ 



Ask the'siudents to note the direction 
in which the spot is -deflected, for a 
person looking at the face of the CRT 
head-on. 



^ Pole ' 
N. pole down 
St pole down 
N, pole left 
N. pole right 



Spot 
left 
right 
down 
up 
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EXPERIMENT 47. ELECTRON BEAM DEFLECTION 

NAME* V " . 



CLASS HOUR 



ERIC 



II. Beam Deflection with Current-Carrylng Coil 

3 m 



Coil Diameter Dia 



Coil Length L(c) = 



6 cm 



1' 



Number of turns of wire N 



bOO 



Distance between 6bil and beam X(c) 



10 cm 



DC resistance of coil R(c) 



S ohtvts .* 



TRIAL 


Coil voltage 
(volts) 

V = ' 


Beam 
deflection 

(cm) s = 


1 


0 


o 


2 




03 • 


3 ' 




q-M 


4 




07 


5 


H . 




6 









Coil voltage 
(volts) 
V = 


^eam 
deflection 


7 


5 


^j^s = 


8. 


b 


1-3 


■ 9 






10 






11 






12 








/ ^ 3 f 

Coil volt;^(V) 



III. Beam Deflection by an Electrostatic Field 



Length of electrostatic deflection plates^(P) =_ 



ZO am 



Distance between plates X(p) 



TRIAL 


Plate voltage 

(volts) 
V = 


' Beam 
deflection 

(cm) s = 


1 


0 


0 


.2 


10 




3 


2,0 


03 


4 


30 


0-5 


5 




. Ob . 


6 









Plate voltage 
(volts) 
V = 


- Beam 
'deflection 
(cm) s, = 


7 ^ 


so 


07 


8 


10 ^ 


i- 1 


9 


BO 


i-8 


10' 


qo 


2S. 


11 


100 


32, 
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RELATED QUESTIONS AND SUGGESTED ACTIVITIES 

1. Examine your graphs and tell how the electron beam is 
affected by each of the following. If you can see any simple 
relationships among the data, state what they are. 

a) An approaching north pole of a permanent magnet 

As the north pole gets closer, the beam is deflected at an increasing rate. 



SO lOO 

Electrostatic plate 

VO\t^^Q (V) 
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EXPERIMENT* PHOTOELECTRJC EFFECT 




NAME. \ 



CLASS HOUR 



LAB PARTNERg 



DATE 



ERIC 



PURPOSE 

In this experiment you shall see how the amount of current and the 

energy of emitted electrons depen^j'on the nature of >he. light that 

^shines on the surface of a metal 

^ ' * >^ ^ • ' 

^ ^ ' PROCEDURE ^ 



Cathode 




Variable 
' voltage 

sourge 
0to6Vdc ^> 



DiTection of electron 
flow of photocurrent 



Sensitive 
ammeter 
(0 to 
ampere 
range) 



A^photocell, a varjable voltage source, and a sensitive amnneter are 
connected in a circuit as shown in the diagram. .When light ts directed 
at the photocell, elecfrons flow in the direction indicated and form a 
current that is read'onihe arrim^ter.'With the variable voltage. source 
set to zero, you can fihdout how much current is produced by light of 
differing intensity and color. Next, by applying a voltage that opposes 
the direction of the photocurrent, you can calculate the energy that is 
needed to stop the electrons which are ejected from the photocell by 
light of differing intensity and color. 

A. AMOUNT 0f CURRENT^PRODUCED BY LIGHT * \ 
OF DIFFERING INTENSITY AND COLOR 

1. Remove the variable voltage source from the circuit and 
substituta.aj^ire to complete <5the circuit. ^ 

2. Ca^r the photocell so tha\ it is in complete darkness and set 
the ammeter to «ero. 

3. Shine light oh the photocell and record the current that is 
produced as the light is made brighter or dinnmer. Data chart 1. Th% 
intensity of the light can be controlled by varying the voltage applied ' 
to an electric lamp, by changing the distance between the lamp and 
the photocell,or by partially covering and exposing the lamp. 

4. Shine light of different colors on the photocell and record the 
current that is produced by each in*data chart tl. Different colors can 
be obtained by using lamps of different colors' by using white light 
and covering it with colored filteVs, or by passing white light through a 
triangular prism or through a diffraction grating. 



This experiment should be done by 
students working in pairs. ♦ 

APPARATUS PR^ARATION 

photocell * ^ 

variable voltage source, 0 to 6Vdc 
* ammeter, range 0 to 10^ A, or 
high-impedance voltmeter wire , 

I 

Apparatus for the photoelectric ef- 
fect experiment-is comparatively ^x^ 
pensive and difficult to operate if 
precise, accurate results'^ af^^^re- 
quired, HowBver the general prin- 
-ciples of photoemission and a^oalcu- 
I at ion of Planck's constant with the 
correct order of magnitude and an 
error of about 40^/o is fairly easy to 
obtain in the student lab, as shown 
by the sample data given here. 

As manufacturers cut their costs by 
using inexpensive but precise and 
reliable transistors and integrated 
circuits, It will not be long before 
inexpensive apparatus is available, 

/f0eanwhile, try uSing the low-voltage 
scale of a vacuum-tube or solid-state 
voltmeter The voltage indications 
are proportional to the photocurrent 
when the^ probes are connected di- 
rectly to the terminals of a photocell. 

Almost any type of photocell will 
work. If none is available, you might 
try borrowing a photocell from the 
school's sound movie projector. 
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. SUGGESTIONS AND TECHNIQUES 

1. An ordinary laboratory ammeter is not sensitive enough 
to detect the? weak currents produced by the photocell. Be sure 
to use an electrometer, or amplifier-ammeter combination, that 
is specially manufactured for this purpose. 

2. A reliable variable voltage can be made by connecting 
two flashlight cells across the ends of a rheostat. The output 
voltage-is then obtained by connecting a wire to one of th.eends 
of the rhebstat and another Wire to its center tap. 

3. If the variable voltage source does not already contain a 
voltmeter, connect one across, the output terminals of the 
source, Almosfany dc N^ltrrieter will w6rk if its full scale range is 
anywhere from 3 to 10 volts 

4. Be sure that the phototube is completely spreerted so that 
no daylight or any other unwanted light can strike the cathode. 

5. /|Cfthough Xho, intensity of a lamp may be increased by 
applying more voltage, many incandescent lamps will also 
change color when they become brighter. To avoid this, it is 
usually better to use screening or* vary the lamp distance to 
adjust the intensity. 

6. A mercury lamp is An excellent source of light for this 
experiment. It produces four colors in the visible range with 
known frequencies. Individual colors may be selected easily 
with filters. The colors and their frequencies are 



Color Frequency ( in Hz) 



yellow ^ 5.19 X lO''^ 

green ' 5.50 X 10^^ 

blue ■ 6.88 X 10^* 

^ violet 7.41 K 10^* 

1 

7. To make -a very rough measurement of the stopping 
voltage, increase the voltage until the ammeter^ reads zero. 
Record the Voltmeter reading at this time For more accurate 
measurements.' however" it 'is necessary to continue applying 
reverse voltage until the ammeter reading has fallen a fraction of 
a volt below zero. As the voltage is varied in this region a point 
will be reached when the increase in voltage has little, if any| 
effect on the ammeter reading. When this condition has justj 
been reached, read the voltmeter for the actual stopping voltage.i 
The reason that this procedure is . necessary for accurate 
determinations of the stopping voltage is that the photocells are 
not perfect and, they all have a certain amount of "dark current" 
which flows in the wrong direction through the tube 
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EXPERIMENT 48. PHOTOELECTRIC EFFECT 

NAME CLASS HOUR 



B. ENERGY OF ELECTRONS PRODUCED BY LIGHT 
-v- OF DIFFERING WTENSITY AND COLOR 

1. Connect the variable voltage source in the circuit as shov^^n in 
the diagram with the negative side of the source facing the anode of 
the photocell. If you are not sure v^^hich terminal is the anode, connect 
the source either wa^? in the circuit and perform the test in the next 
step to find out if you v^eve lucky and connected it correctly. 

2. With the variable voltage set to zer6, shine light on the 
photocell. Adjust the light intensity until the ammeter reads about 
midscale. Watch the ammeter as you slov^^ly increase the voltage of 
the yar\fib\e source. If the source is connected correctly, it opposes 
the photocurrent, ^nd the reading of the ammeter decreases as the 
voltage is turned ,ut?. 

3. Record the vdltage vyhicti is needed to completely stop the 
photocurrent. Data chart pi increase or decrease the light intensity 
and record the stopping voltage that must be applied to stop the 
electrons in each case. 

4 Shine light of different c6lors on the photdcell and record the 
stopping voltage that is associated v^ith each* color Data chart IV 

daYa 



/. Variation of Current with Intensity 



^ Intensity of the light 


Ammeter reading 
(Amperes) I = 


A 


Dim ^ , 




B 


Normai^^ 




C 


Bright 





The fact that the photocurrent. is 
directly proportional to the intensity* 
of the light can^be observed with the 
aid of any type of photometer, even 
those which are used for photogra- 
phy, % 



II. Variation of Current with Color 



Color of the light 


Ammeter reading 
(Amperes) i = 


A 


Green 




B 


^ Yellow 
i 




0. 


Blue 

/. 




D 


Red 


i 1 



The absorption of incident light by 
the fitter will cause dark filters to 
absorb more light than lighter filters. 
Unless the students are sure that the 
light 'transmitted by Qach filter has 
the same intensity, they will be likely 
to obtain 'data such as that 'Shown 
here. 
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///. Variation of Stopping Voltage with Intensity 



Green light was used. 



Intensity ^of the light 
(Describe) 


StoDDina voltaae 
(Volts) 


A 


Bright 


* 0H5 


B 


Norrha! 


0H5 


C 


Dim 


0'M5 



^0 dlue 




Violet 



IV, Variation of Stopping Voltage with Color 



Color of the light 


Frequency 


Stopping voltage , 
(Volts) 


A 


Violet ^ 


7 41 X 10^^ Hz 


0-95 


B 


Blue 


6.88 X 10^* Hz 


OlO 


C 


Green 


5 50 X )0'* Hz 




D 


Yellow 


5.19 X 10'^ Hz 




E 






i 



RELATED QUESTIONS AND SUGGESTED ACTIVITIES 

^\ How isr the amount of current related to the intensity of the 
light falling on the photocell? 

The amount of photocurrent increases as the intensity of the light increases. 
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2. How does the annount of current with the frequency of the 
light? (Red has a \o^ frequency, followed by yellow, green, blue, and 
violet in order of increasing frequency.) 

Using filters, there is no definite relationship between color (frequency) and 
the amount of photocurre nt. When each frequency has the same interpsity, 

there is no difference in photocurrents (hat are produced by different frequencies. 
f 

3, The stopping voltage is directly proportional to the energy of 
the electrons ennitted at the cathode. How does the energy of the 
electrons vary with the brightness of the light? 

Using light of^ the sam^ frequency (green), it was found that the original 



brightness of the light had no effect on the stopping potential. 



4. Hov^doe^ the energy of the electrons ennitted at the cathode * 
vary with theTrequency of the light? 

As the frequency is increased, the energy of the photoelectrons also 
increases. Theoretically the energy increases in direct proportion to the frequency, 

A I 

but this oould not be confirmed with the apparatus we used. 
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EXPERIMENT 48. PHOTO tLECTRIC EFFECT 

t 

NAME ' " . ^ CLASS HOUR 



* 5. Analyze your data and calculate Planck's constant, which 
relates the energy of light and its frequency. To do this, make a graph 
of stopping voltage vs. frequency of light. Draw the best straight line 

connecting your points. Planck's constant his found by selecting any ^^^^^^ ^^^^^ ^^^^^^.^^ 
tvvo points on the line and using the relationship va/ue^^ere used /n .calculating 



— 

Planck's constant: 



H - aAl 

' ' ^ M , e= 7.6X 10 '' C 

AV = 1.0 V 
Af = 40 X 10'' Hz 



,where e is the charge on an electron 

(1.6 X ,10 -^^0 ' • .^4.7 X 70'^ 38% 

A is the voltage difference between the 
^ two points on the graph ^ ' 

A f is the frequency difference between 

the points " p 



Calculated value of Planck's constant is h = ill — — J-sec. 

1 -34 

Using the accepted value of 6.6 X 10 J-sec for Planck's constant, 
calculate your percentage error. IT 



EXPERIMENT* HALF-LIFE 
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NAME 



CL^SS HOI 




LAB PARTNERS 



DATE 



PURPOSE 

The time that Is required for half the nuclei in any size sample of a 
radioactive element to decay is called its half-life* In this experiment 
you shail measure the half-life of the radioisotope barium-137'", 

PROCEDURE 




To measure the half-life during the relatively short time that is 
available during a laboratory period, a radioactive element with a 
relatively short half-life is freshly prepared and then tested for 
radioactivity with a nuclear scaler. 

1. Turn oh the nuclear scaler and allow it to warm up for five 
minute^, 

2. With all radioactive materials removed from the vicinity of the 
niuclear scaler, measure the background radioactivity in the labora- 

^ tory To do this, find the total number of counts that are ihdicated for 
\ three 1 -minute intervals and record the activity in counts per minute 
in each case. If the values differ by more than three or four counts per 
minute, it a good idea to measure the background activity several 
additional times; Record in data chart L 

3. Bring the radioisotope generator close to the Geiger tube 
of the scaler to be sure that the generator is radioactive. The count 
rate should increase sharply. 

4. Remove the rubber caps from the top and bottom of the 
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This expenmeht should be done by 
students, working in pairs 

APPARATUS PREPARATION 

^^-radioisotope generator set for bar- 
ium-137'" 
nuclear Scaler with Geiger tube 
protective goggles and gloves 

The radioisotope generator set' costs 
about ?50 and should last for many 
years. It is available from many of the 
major scientific supply companies. 

Good data is obtained^with almost 
any nuclear scaler and a side-win- 
dow or end-window Geiger tube, A 
scaler keeps an ^actual record of 
detected nuclear events, or counts 
The ordinary Geiger counter, or rate- 
meter, also detects nuclear events 
but instead of giving a cumulative 
record of counts, it ha€ a meter 
which indicates the average number 
• of counts per minute at any given 
instant Because nuclear decay oc- 
curs in a random fashion, a scaler is 
preferable to a ratemeter for this 
experiment The ratemeter will work 
but the needip bounces around a 
great deal, making it difficult for 
students to 'record readings. If a 
ratemeter is used, however, tolerable 
results can be obtained by having 
students record the reading every ten 
seconds for tea minutes. A half-life 
curve may then be plotted on graph 
paper with a smooth curve drawn 
between points Using this tech- 
nique, a 20% error in results can be" 
expected, compared with the 5% 
error obtained with a scaler. 
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The newer models of the radio- 
isotope generators are pacj(aged 
with chemical concentrates that can 
be mixed with water in specified 
^amounts to make fresh solutions 



SUGGESTIONS AND TECHNIQUES 

1, Be sure to replace the protective rubber covers on the 
radioisotope generator whenever it is not in actual use. Any dust 
or dirt entering the generator will clog the filters and greatly 
st;iorten its life. ' ' 

^. There are manf different models of nuclear scalers in 
use. To make sure that you know how to operate the controls 
and read the indicators of the scaler, consultthe manufacturer's 
InstructionsMDr ask your instructor, 

3. Because the half-life of the radioisotope barium-137mis 
so short, be sure to obtain a fresh sample from the generator and 
start counting with your scaler with as little del^ay as possible 

4. If the solution in the^plastic bottle should all be used up, a 
fresh solution can be made by diluting 3.3 ml or 12 molar HCI in 
1,000 ml of distilled water.Then dissolve 9 g of reagent quality 
NaCI in this solution 

5. For safety, do not eat, drink, or apply cosmetics in the 
laboratory during this experiment. 

6. It is important to make several determinations of the half- 
life and average them for the^hnost accurate results, 

7. If the laboratory period is long, it Is a good idea to 
reqheck the background activity in the lab at lhe end of the 
experiment to be sure th^t it has not changed while you were 
working, 

8. When plotting the data on a graph, place each point at 
center' of the time interval during which the data was obtained. 
Thus, the first point Would be placed at the time 0.5 min. 



generator and also remove the protective cap from the top of the 
plastic squeeze bottle. ^ 

5. Press the spout of the squeeze bottle into the large opening of 
the gjl^rator. Gently squeeze the bottle to force some of the acid, 
solutren into the generator. Discard the first few drops that come out 
of^the bottom of the generator. Usually these will not contain much 
radioactive material. Allow the next few drops to soak into a piece of 
' blotting paper for analysis. 



Caution: The solution that is fed into^the generatoVxontains 
hydrochloric acid and, must be handled with care. Wear 
protective goggles and gloves when handling this material and 
be sure to wipe up any liquid that spills. 
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6. Place the Geiger tube of the scaler as close to the blotting 
paper as possible, but be careful that tbe'liquid does not touch the 
metal of the probe. 

7. Set the scaler to zero and let the scaler count the radiations for 
a total of 10 minutes. Record the scaler reading precisely at the end 
of each minute. 

8. Calculate the averageractivity in counts per minute for each of 
th^ intervals. Qprrect each of these by subtracting the background 
activity and record these in data chart II. 
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EXPERIMENT 49. HALF-LIFE 
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NAME 



CLASS HOUR 
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9. Plot the data on a sheet -of graph paper with the time m 
minutes on the horizontal axis and the corrected activity in counts per 
minute on the vertical axis. Connect the data points with a curve that 
is drawn as smoothly as possible between the poinnts. 

JO. The activity of 'a samplfe of a radioactive element is 
proportional to the nuPQi)er of radioactive nuclei'in the sample. Select 
a point on the graph wh^re the activity is relatively high. Find another 
point on the graph which corresponds to an activity that is exactly 
half as great as the first. Since the number of nuclei is reduced by half 
when the activity is reduced by half, the time interval between these 
two points (read from the horizontal axis) is the half-life of the 
element Record the half-life in data chart III. 

11. The radioactive generator contains cesium-137, which de- 
cays to barium-137'" inside the generator. The barium is washed out 
by the solution .and then decays into nonradioactive barium-137 by 
gamma emission with a half-life of 2.6 minutes Compare the half-life 
of your sample with that of the standard and compute the percentage 
error. < - 
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//. Radioactive Decay 



See sample graph 6e/ow, The time 
values plotted were those in mid- 
interval, since the activity values are 
the a\^rage for the time interval. 
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RELATED QUESTIONS AND SUGGESTED ACTIVITIES 

» 

1 , Plot the data of corrected activity in counts per minute vs. time 
on a sheet of semi-log paper, using t|ie logarithmic gcale for the 
activity. Draw the best straight line through your data points. 
Determine the half-life of barium-IS?"^ from this graph and compare 
to the value you obtained from the graph you plotted on regular.graph » 
•paper. 

When activity is 2000 counts/mm. time is 0.6 mm; when activity is 1000 
counts/min, time fs 3.2 mm, when activity is 500 counts/mm. time is 5.8 mm. 



Therefore half-life is 2 6 plin. 

2. If the sample that you obtained had an initial activity that was 
much greater than the samples given to others in the class, how 
w^uld >your half-life results compare with theirs? 

'It woula have been the same. 



STXhemical reactions usually occur much faster when the 
temperature of the reagents is increased. What happens to the half- 
life of barium-ISy"" when the temperature of the sample is raised? Set 
up a controlled equipment and report your results. 

No change in re^dioactive decay is observed as the temperature is raised. 



*4. Using the sam<S^ technique, find the half-life of another 
radioactive element with a short half-life, suph as indium-US"". 

The half-life of indium-US'^ is 100 minutes. i- 



5. Go to the library and find the significance of the letter min the 
designations of the .samples barjum-137'" and indWt-1iy 
The fetter vTj^stands for metastable. It denotes an excited state of an atom 

which persists for a relatively long time before decay. 
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APPENDIX •'. LABpRATORY SAFETY PROCEDURES 
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Follow thes^ directions. They are meant for your safety. 

• Treat the apparatus with care. Accidents are likely to happen when, 
there is fooling around 'or horseplay. 

• Listen carefully to the teacher's directions before starting an 
experiment and stop work immediately upon the command of the 
teacher. Prompt compliance in this manner can save you from 
harm. 

• Keep clothing and books in the places provided. If left 'on the lab 
tables they can'be damaged and can also contribute to accidents 
by getting in the way. 

• Never reach your hand over a Bunsen burner that is lit. Also, tie 
back any loose haii^henever a Bunsen burner is being used for 
•one your experimen'U or for experiments by a neighboring 
group. Caution your Jab(5ratory partners if they are careless near an 
open Bunsen burner. i . - . 

• Anticipate the steam that will form whenever water boils, and 
provide a container to hold the hot water when the steam 
condenses. Also be careful not to tou(^ containers* ringstands, or 

^ tripods immediately after heating! Tripod supports are especially 
•dangerous in this respect because they rarely look hot. 

• Keep hot m'ateria#s and heavy objects away from the edge of the 
table. If apparatus must be placed rfear the edge of the table, be 
sure that it is clamped securely. . % 

• If there are gas jets on your table, be sure' that they are turned off 
when they are not being used. If there are any gas leaks, report this 
to your teacher immediately. 

• If your table ^tas electric outlets, refrain from probing them with 
metallic objects or even wet non-conductors. You can never tell 

"vThen the outlets are on. • 

• Be sure that a teacher is present before you stai|work. 

• , Never carry laboratory equipment or apparatus through the halls 

during intervals when classes are passing. 

• Familiarize yourself with 'the locatior>s of the fire extinguishers, 
safety blankets, and master shut-off svvitches in the laboratory. 

• Report at once to the teacher in charge if anything seems to be 
unusual or improper, such as broken, cracked, or jagged apparatus 
or faulty electric wiring. 

• Whenever handling hot liquids, always wear safety glasses or a face 

shield. * ^ 

• Never force glass tubing or a thermometer into a dry rubber 
stopper. Wet it with soapy water or glycerine and then push it in 
gentjy with a twisting motion. Always hold the glass tubing near the 
plac^ where it enters the stopper. Wrapping the hand or tubing with 
cloth is a further safety precaution to avoid cuts if the glass should 
break. 
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. 9 • When handling Dry Ice or liquid air observe tt}e sao^e precautions 

as for hot liquids. Freezing can be as dangerous as burning. 

• Glass wool or steel wool 3hould*^e wrapped in cloth or your hands 
^ ' ' 6houRJ be protected by gloves to avoid getting spliriters in the skin. 

• Wait a while after grasping an electrical device that has just been 
*w ' turned off. Many electrical devices become hot with use, and 

serious burns may result if they are grabbed too quickly.^ 

• Never short-circuit storage batteries or dry cells. Wires become red 
. • hot ih a very shor^time and can causa serious burns. 

I • Report any sharp edges on rfiirrors, prisms, or glass plates so your 
" teacher can have them covered with tape or melted paraffin. 

• When removing an electric plu^rom its socket, grasp the plug, not 
the wire. ' • 

• When inserting an electric plug in an outlet, hold the plug so that 
any flashback due to a short circuit in the apparatus will not burn 

, the palm of your hand: " ' . 

• When wiring an electric circuit, make the "live^ connection the last 
act in assembling and the first act in disassernbling. 

• Avoid bringing both hands in contact with live sections of an 
electric cirguit. Follow the practice of professional electricianswho 
keep 6ne hand in their pocket whenever manipulating circuits. 

^ When using electric circuits, cover any grounded appliances, gas 
jets, or plumbing on the laboratory, table to avoid accidental 
grounds. 

• During the charging of storage batteries, keep away from th^ fine 
spray which sometimes develops. It is harmful if inhaled or allowed 
to get on the skin. ' . ^ 

• When operating devices vyhich emit ultraviolet light, protect your 
eyes by. wearing ordinary eyeglasses. Glass is opaque to these 
harmful radiations. 

/' • Never experiment with x-ray tubes or machines in the physics 
laboratory or use them for home experimentation unless an 
experiervced x-ray technician is available and the proper shielding- 
- , devices are used. 

• Rem.ove thermometers and glass tubing from rubber stoppers 
immediately after use to prevent them from "freezing" to the 

' ^ stopper. To^emove frozen glassware from stoppers, use a wet cork 

borer, just large enough to slip over the end of thte tube. Slowly 
work |he borer t]jough the stopper until the frozen glass can be 
' , pullSd out easily. Another technique is to slit the stopper with a 

single^dge razor, remove the glassware, and then repair the 
stopper with rubber cement. 
. • Do not attempt to try electron beam bending experiments with old 
fashioned Crookes or cathode discharge tubes that require high 
• ** vo^Cfages for operation* Dangerous x, rays are produced that are 
-l^6rmful within several feet of the apparatus. 
'•/IfNiever Iqok directly into a laser or allow the beam to enter the eyes 
of others in the laboratory. Also be careful of accidental reflections 
/ of th^ laser beam by mirrprs in the laboratory, i , 

/ •Do not attempt to build a laser at home or in the laboratory unless 

an experienced and qualified laser expert js providing direct ^ 
* supervision. Carbon dioxjde and Q-switched ruby lasers are 
especially dangerous In thfs respect. 
^ • *Do not experiment with rocket fuels for physics experiments. 

^ ' * • Never take a picture tube out of a television set for experimentation. 

f The tube has been evacuated. and a scratch or sharp rap can cause 
• the tube tq implode and shatter. 
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APPENDP' • GOOD GRAPHING TECHNIQUES 




A graph shows the relationship between two quantities. Usually, one 
of the two is thought of as independent and the other is thought of as 
dependent on the first. For example, suppose one quantity is the 
.changing speed of an object and the other quantity-Is time. We would 
consider the speed dependent on time— the speed has different 
values at different times— and we would consider time independent. 
Of course, sometimes it is not so clear which quantity is the 
independent one. and you are free to choose as you start your graph. 

Th6 independent quantity is represented by a horizontal ax/s^a 
straight line with values marked on it— at the bottom of the graph. The 
dependent quantity is represented by a vertical axis at the left of the 
graph. When you are asked to make a graph' of something vs. 
something, the quantity stated first is the dependent quantity and 
goes on the vefticat aJcis; the quantity following "vs." is th6 
independent qu^tity and goes on the horizontal axis. For example, 
on a graph of speed vs. time, speed is on the vertical axis and time is 
on^'the horizontal axis. 
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'The following suggestions will make your graphs easier to 
construct and to read. 

1.' When marking a scale along the 'dxis of a graph, make short 
lines perpendicular to the ax^s and labelled with numbets at 
appropriate 5)oints. You do not need to put a numerical valae beside 
or under each mark if it will make the scaleVoo crowded. You may 
choose to label only every other, or every fiVe, or even every ten. 
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2. To make it easy to find potions along an axis scale between 
the marked positions, take advantage of the decimal system. Since 
the grid lines on the graph paper supplied with this manual are close 
together (five lines to a centimeter), put your markings everyJive or 
ten lines apart. 

3. Whfen trying'to find aj/afae between marked values, keep in ^ 
nniicJ how much each ^pa'ce stands for. For example, if there are 
jnarks fdr eacMjDG^rams aHo the marks are 5 grid Ifhes apart, each 
space standsfor 20 grams. The position corresponding to 160 g 
would be on the thirij^grid line-after the 100-g mark. 
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4. When ploMng points on a graph, make dots that are big 
enough and dark enough to^be seen clearly but small enough to mark 
a specific position on the graph. Often it helps to put a circle around 
the dot to make it stand out. 

5. When graphing data points that appear to lie on a straight line, 
^ more or less, draw a single straight fine that goes through as many 

poinfs as possible. Unless there is sdm^ reason to question some of 
the data^ there should be equal numbers of points slightly above the 
line and slightly below it. Never "connect the dots" unless specifically 
irfstructed to. . 
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6. When graphing points that do not appear to lie on a straight 
line, draw ^. smooth curve that goes th/ough as many points as 
possible. T#here should be equal numbers of points on either side of 
the curve. 

7. Not all graph lines go through the (0,0) point (the origin). Ask 
yoursejt whether the dependent quantity really is zero when the 

^ Independent quantity is zero, If you let go of a Ball just as you start to 
clock it, the speQd is zero at time zero. On the other hand, if the ball is 
' already ^noving when you start to clock it, the speed on your graph 
should not be zero at time zero. £2 (j 

* 
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APPENDIX • MEASUREMENTS AND SIGNIFICANT FIGURES 




EXPRESSING MEASUREMENTS 
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If you are counting the number of magnets in a box, you will ar^e at 
an exact answer— the same answer that anyone else would get unless 
one of you had made a r^istake in counting. On the other hand, if you 
are measuring the volume of the box, you can only approximate the' 
true volume. You might measure the sides and calculate the volume 
fronp the measurements. Or you might fill the box with sand and then 
measure the volume of the sand with a graduated cylinder. No matter 
what method you use, your measuring tools and techjiiqueswill limit 
your answer Jo an approximation. 

It Is very likely that several independent measurements of the 
volume of the box will give slightly differing results. There are several 
reasons: the sand may not be perfectly level in the graduated cylinder 
each time; some sand grains may remain inside the container when it^ 
is emptied; the sand may pack down or spread out as it is handled, so 
its volume may change. No matter how carefully you work, you are 
not likely to determine the volume exactly. In fact, even if you had \ 
obtained the result 461.7 ml on each of three trials, you woujd still 
know the volume to only a tenth of^a milliliter— with the same 
graduated cylinder there would be no way you could telJ^b^eKthe 
volume was exactly 461. ^00000... ml or whether it was 461.6821 ..\m[ 
or just what it was. 

Scientific measurements should be written down in a way^that 
mak^s clear the amount of certainty in the measurement. Suppose 
thaMhe results of three trials of measuring the volume of the box gave 
461.7 ml, 461.9 ml, and 461.8 ml. The best value for the volume would 
be the average of three, or 461.8 ml. Note that this value has three 
reasonably certain digits— 4, 6, and 1— and one rather uncertain 
digit— 8. Someone rejiding your value would know that, as far^^ou 
could tell, the volume was close to 461.8— it could well be a few tenths 
* of a milliliter higher or lower. Iff general, the results of a measurement 
should be written with as many digits as are certain, plus one more 
that is^uncertain. When a measurement is written according to this 
convention, all the certain digits plus the one uncertain digit are 
called significant figures. It may be necessary to add additional 
zefoes to put the decimal point in the right position, but this does not 
.-^fter the number ^of significant figures (see Counting Significant 
* Figures in following discussion). 

If you needed to measure the volume more precisely— that is, to 
more decimal places— you would need differpnt, measuring tools or 
perhaps even a different techniqueM value for the volume would be 
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truly .more precise cmiy if it had just one uncertain digit m it. For 
example, -suppose three^ measuring trials gave result/ of 461.82 ml, 
,461.&4 ml, and 461.80 ml. Then you would be justified in giving the 
--value 461.82 ml as the*volume to two decimal places. But if the three 
^ials gave 461.82 ml, 461.95 ml, and 461.69 ml, there would be 
uncertainty in both digits to the right of the decimal point. Even 
■though the average of these three values is 461.82 ml, your data do 
Ttot justify five signifipant figures; you would have to give the value as 
461.8 ml, which is no more precise than the previous value. 

• 9 

COUNTING' SIGNIFICANT FIGURES 

Thf^ rules for counting significant figures are straightforward. 

1. All non-zero digits are significant regardless of the position of 
th^ decimal point. Each of the following measurements ^has five 
significant figures. 

\ 

564.32 grams 87.593 meters 4531.6 cubic centimeters 

2. All zeroes between two significant figures ar6 signlflcaht. Each 
of thejollowing measurements has four*significant figures. 

?.051 metet^s . 80.05 grams 100-.6 miles 

3. When there Is no decimal point, zeroes at the end of a number 
^re not significant figures. The measurement 42,600 meters has three 
significant figures (the'4, 2, zn6 6). 

4. If the lero at the end of a number with no decimal point Is 
really the result of a measurement and Is meant to be a significant 
figure, It Is often written with a dash above It. 

Measurement ' Number of significant figures 

60,000 grams . 1 

60,000 grams ' 2 

60,000 grams 3 

60,000''grams ' - ,4 

60,000 grams 5 

5. When there is a decimal point, zeroes at the end of a number, 
to the right of the decimal point, are significant figures. The 

measurement 42.60^ meters has five' significant figures. 

6. Zeroes at the beginning of a number are never significant 
JIgures. The following measurements all have three significant 
figures. 

0.31 8 centimeter Q.000Q31 8 meter ' '0.0300 meter 



WORKING WITH ^IGNIFICANT FIGURES 

V 

When you add, subtract, multiply, or divide with significant figures 
you* must takp care that your resuH does not have more than one 
uncertain digit. In multiplication and division, the result can have no 
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more significant .figures than the measurement with the fewest 
significant figures in the original data. For example, when 3.112 m i^ 
multiplied by 22 m, the product 6.8464 m^ should be rounded off to 
6.8 m2 to avoid more than one uncertain digit. In addition and 
subtraction, the result can have no more decimal places than the 
measurement with the fewest decimal places in the original data. For 
example, when 96.3 g is added to 8.149 g, the result 104.449 g should 
be rounded off to 104.4 g. 

Most$ scientific hand calculators are capable of computing to 
eight or more significant digits. However, it is incorrect to express the 
results of any experiment to eightsignifi^cant figures when most of our 
measurements have^ree or less. Giving results with too many 
. significant figures falsely implies that the experiment was carried out 
with a much greater precision than the proc^edures and data can 
provide. In general, the final results of any experiment should never 
tiave more significant figures than the worst of the data that, was 
recorded. 
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